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MECHANISM OF THE THYMOL TURBIDITY TEST 


Puinie P, Conen, M.D., AND FRANCES L. THOMPSON, B.S. 
Mapison, WIs. 


Hi thymol turbidity test of Maclagan has been shown to be of considerable 
pene value in certain types of liver disease.'* Maclagan' and Cartcr 
and Maclagan* have reported that the test was probably associated with an in- 
erease in gamma globulin. Reeant and associates,’ on the other hand, have 
shown that the tcst depended on the presence of a lipid-containing fraction of 
serum globulin rather than the gamma globulin. 

In the present study experiments are reported which show that the thymol 
turbidity test depends on a reaction involving chiefly the beta globulin fraction 
of serum. 


METHODS AND PROCEDURES 


Thymol Reagent and Test—The thymol reagent was prcpared essentially 
as recommended by Maclagan.' It was found that the reagent developed a 
turbidity on standing after seven to ten days. However, reheating, cooling, and 
again seeding with thymol erystals resulted in a clear solution. 

Thymol turbidity values were estimated from a set of Kingsbury® visual 
standards calibrated against known amounts of human serum albumin and 
sulfosalieylie acid. 

Treatment of Serum With Thymol Reagent for Electrophoretic Analysis. 
An aliquot of serum, usually 10 ¢.¢., was diluted with two parts of thymol buf- 
fer, pH 7.8, and dialyzed in the cold room (2° C.) against 200 to 250 ¢.e. of 
thymol buffer, pH 7.8, for twelve hours or longer. At the end of the dialysis 
period the precipitate was removed by centrifugation. 

The erystal clear supernatant (thymol-treated serum is consistently more 
translucent than untreated serum) was then dialyzed in the cold room twice 
against 200 ¢.c. of 0.1 » sodium diethylbarbiturate buffer, pH 8.6, and finally 
against 1,500 ¢.c. of the same buffer for at least thirty-six hours. The precipitate 
Was resuspended in a volume of 0.1 » barbiturate buffer, pH 8.6, to give a pro- 
tein concentration of between 0.5 and 1.0 per cent. The resulting turbid solution 
Was Cialyzed in the cold room against several changes of buffer and finally 
agains! 1,000 ¢.c. of buffer for at least thirty-six hours. High speed centrifuga- 
tion (10,000 r.p.m.) for ten minutes was found effective in clarifying the solu- 
tion. 

Electrophoretic Analysis ——Electrophoresis was carried out at a potential 
gradic \t of about 6 volts per centimeter, at 1.5° C., using the schlieren scanning 

n the Laboratory of Physiological Chemistry, University of Wisconsin Medical School. 
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technique of Longsworth.’ Most of the runs were made with the single center 
section 11 ¢.e. cell. A micro cell, 2 ¢.c. capacity, was employed in some instances 
for both the thymol precipitate and the treated and untreated serum samples. A 
comparative study of the patterns and mobilities of the same serum with the 
macro and micro cells revealed close agrcement in a series of ten determina 
tions. 

Relative composition of the serum samples was estimated by measuring the 
areas under the projected patterns after the areas were resolved into a series 
of symmetrical curves. In all instances the percentage composition represents 
the average of the ascending and descending boundaries. Mobilities were de- 


TABLE I. ELECTROPHORETIC COMPOSITION OF SERUM BEFORE AND AFTER TREATMENT WITH 
THYMOL REAGENT 




















| TOTAL 
| THYMOL PROTEIN PER CENT COMPOSITION 
| TURBIDITY | (GM./100 | ALBU- | ALPHA: | ALPIIA : 
SERUM DIAGNOSIS UNITS C.C.) MIN l 2 | BETA |GAMMA 
PAS Laénneec’s cirrhosis 4 5.8 32.6 ico 7.6 17.0 35.0 
1B* 41.1 7.0 12.3 7.5 32.1 
2A Infectious hepatitis 10 ee 40.7 6.2 12.9 19.0 21.2 
°B 49.6 74 15.0 8.5 19.5 
3A Infectious hepatitis 9 7.2 45.5 4.5 Of 18.4 21.9 
3B 51.8 5.0 10.6 12.6 20.0 
4A Infectious hepatitis 14 8.1 39.8 5.6 10.6 16.4 27.6 
4B 40.8 5.7 89 133 31.3 
5A Biliary cirrhosis 8 6.0 27.3 4.7 8.2 15.0 44.8 
5B 34.5 4.6 9.2 8.0 3.7 
6A Infectious hepatitis 10 7.8 43.7 4.9 9.0 17.9 24.5 
6B 54.7 5.6 10.5 6.5 22.7 
7A Infectious hepatitis 6 8.3 40.0 5) 10.6 15.6 28.4 
7B 45.1 5.9 10.9 9.2 28.9 
8A Chronic hepatitis 4 7.2 51.3 3.8 8.4 18.2 18.3 
8B 58.5 5.0 8.4 2.4 15.7 
9A Infectious hepatitis 4 6.8 51.8 4.6 10.0 19.9 13.7 
9B 595.7 6.3 10.4 12.4 15.2 
10A Infectious hepatitis 8 7.2 53.6 4.2 8.6 16.2 17.4 
10B 60.3 5.0 12.3 7.6 14.8 
11A Chronic hepatitis; 10 5.0 43.6 5.8 10.0 15.9 24.7 
11B renal tuberculosis 50.3 6.9 10.9 aa 24.2 
11C* 50.7 8.0 12.3 6.3 24.0 
Average A 42.7 5.2 9.6 17.2 29.3 
Average B 48.4 5.7 10.9 9.6 24.4 
12A Normal 0 is 56.7 6.8 9.0 13.2 d 
12B 59.0 6.2 9.2 BY 9 
12C 58.1 8.6 8.9 10,2 2 
Electrophoretic Analysis of Ten Sera From Normal Adults 
Mean 56.5 5.2 9.0 15.2 2 
Standard deviation 2.8 17 1.4 1.5 5 
Standard error of mean 0.9 0.6 0.5 0.5 = 
*Sample A refers to untreated serum; sample B refers to serum after dialysis for = 
ifte 


hours against thymol reagent and removal of precipitate; sample C refers to seru) 
dialysis for seventy-two hours against thymol buffer and removal of precipitate. 
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termined by measuring the migration distances from the salt boundaries. Con- 
ductivity measurements were made on the protein-free buffer used as the 
dialvyzing solution. 
RESULTS 

The percentage composition of serum before and after thymol treatment is 
shown in Table I. In each instance the thymol turbidity value is indieated. The 
most striking change in the composition of the serum after treatment with 
thymol reagent is the decrease in the beta globulin fraction. As can be seen, 


A A 








— 





descending ascending ———> 





ascending ———» 





~—— descending ascending ———» 
Fig. 1 Electrophoretic diagrams of Serum 11 (Table I) before treatment with thymol reagent 
(A), after treatment for twelve hours (B), and after treatment for seventy-hours (C). 
this ‘action is decreased in all instances including the normal serum although 


the C. crease in the latter case is small. Treatment of a thymol-negative and a 
thyn -positive serum for seventy-two hours instead of the usual twelve hours 
with 1ymol reagent resulted in a small additional decrease in the beta olobulin 
perce: tage (Serum 11C and 12C, Table I). The average decrease in the beta 
globu! n percentage as a result of thymol treatment is of the order of 50 per 
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cent. The average decrease in the percentage of gamma globulin is of the order 
of 4 per cent. All the other fractions show an increase, the albumin percentage 
being increased the most. It is apparent from these data that the beta globulin 
fraction is the only fraction of serum showing a striking change as a result of 
thymol treatment. The electrophoretic diagrams of Serum 11 (Table I) before 
and after treatment with thymol reagent are seen in Fig. 1. The disappearance 
of the beta anomaly after thymol was seen in all instances. 


: A 
‘ ' f 2 ' 


<——— descending ascending ——» 


de ak. 


~—— descending ascending ———» 


~—— descending ascending ———> 


Fiz. 2.—Electrophoretic diagrams of thymol precipitates. A, From normal (Serum 12, Tabl I); 
B, chronic hepatitis (Serum 11, Table I); C, mixture of precipitates A and B. 


Further evidence in support of the role of beta globulin is seen it the 
electrophoretic diagrams of the thymol precipitates (Fig. 2). Diagram 4 of 
Fig. 2 is that of the thymol precipitate from normal Serum 12 (Table [) ; dia- 
gram B is that from Serum 11 (Table I) ; diagram C represents an equal mixture 
of thymol precipitate from Sera 11 and 12 (Table 1). From the diagrams it is 
apparent that the thymol precipitate consists of one major component whic! has 
a mobility of a beta globulin (Table II) and a smaller and irregularly ap ear- 
ing component which has a mobility of an alpha-2 globulin. It is of interest to 
note that the descending patterns of the thymol precipitates have the appea: ance 
of a beta anomaly. When the thymol precipitates of a normal and pat! logic 
serum are mixed (diagram C, Fig. 2), the components have the same ™ ility 
and composition as the unmixed precipitates. The mobilities of the vario! — 
ponents of serum before and after thymol treatment, of the precipitates, d ol 
normal serum are shown in Table IT. 
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TABLE II. MOosILITIES (CM.2/VoLtT SEC. x 10-5) 


ALBUMIN ALPHA- 1] ALPHA-2 GAMMA 
Normal 
Mean 6.92 5.90 4.70 3.4: 1.64 
S.D. 0.23 0.25 0.20 od 0.29 
Liver disease 
Before thymol 
Mean 6.95 6.1 4.86 3.63 1.70 
S.D. 0.35 0.32 0.22 p25 0.27 
After thymol 
Mean 6.95 6.0 4.92 
S.D. 0.31 0.30 0.31 
Thymol precipitate 
Mean 
Ss; 


DISCUSSION 


It is obvious from the data presented that thymol reagent reacts chiefly if 
not exclusively with the beta globulin fraction of serum. The fact that the 
beta globulin levels in the thymol turbidity-positive cases are not strikingly 
higher than those observed with a series of normals (Table 1) suggests that 
this fraction has an abnormal component. This is further supported by the 
fact that treatment of normal serum with thymol reagent results in only a 
small decrease in the beta globulin level (Serum 12, Table I). The precipitate, 
however, is indistinguishable, electrophoretically, from that obtained from 
pathologie serum (diagrams A and C, Fig. 2). 

It is of some interest to compare the electrophoretic patterns of sera of 
this series of liver diseases with those from normal adults. If the average values 
of the pathologie sera are compared with the average values of the normal series 
(Table 1), it will be noted that in the former group the albumin is decreased, the 
beta globulin is increased slightly, and the gamma globulin is strikingly in- 
creased. It should be noted also that while the gamma globulin level is increased 
above the normal value in all cases but Serum 9, there is no correlation between 
the gamma globulin inerease and the thymol turbidity units. A similar lack of 
correlation, however, is also to be seen in the case of the beta globulins. 


The known complexity of the beta globulin fraction makes any attempt at 


a discussion of the possible nature of the changes in this fraction in disease diffi- 
cult. It is possible that there is no fundamental change in the protein com- 
ponents making up this fraction, but rather a change in either the kind or 
amount of phospholipid chemically bound with the protein. While most patients 
with nonobstructive liver disease do not show any consistent increase in phos- 
pholipid content of serum,'° it is possible that some alteration in the amount 
or type of true lipoprotein rather than total lipid is involved. 


A sample of the thymol precipitate from Serum 11 was examined in the 
ultracen'rifuge. The material had the same number and kind of components 
as are sen with the beta globulin fraction obtained as a by-product of fractiona- 
tion of camma globulin from normal human plasma.’ This normal beta globu- 
lin fraction was approximately 90 per cent homogencous electrophoretically.® 
Thus it vould appear that on the basis of the properties in the electrophoresis 





480 COHEN AND THOMPSON 


apparatus and in the ultracentrifuge, there are no physical differences to be 
noted between the normal and pathologie bcta globulin fractions. 


SUMMARY 

1. Electrophoretic analyses of sera from patients with liver disease having 
positive thymol turbidity tests were made before and after treatment with 
thymol reagent. The chief change noted was a decrease of the beta globulin 
fraction of the supernatant after removal of the thymol precipitate. 

2. The thymol precipitates obtained from sera from both normal and 
diseased cases were examined in the electrophoresis apparatus and both were 
shown to migrate with the mobility of a beta globulin. Examination in the 
ultracentrifuge revealed the thymol precipitate to have a composition similar 
to that seen with the beta globulin fractions obtained from normal human 


plasma. 
3. The possible basis for the thymol turbidity test is briefly discussed. 
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A STUDY OF THE SERUM BILIVERDIN 
CONCENTRATION IN VARIOUS TYPES OF JAUNDICE 


EvreL A. Larson, M.D., Geraup T. Evans, M.D., ANp Crecit J. Watson, M.D. 
MINNEAPOLIS, MINN, 


HE presence of a green tinge in the skin of certain patients with jaundice 

has long been recognized. The relation of this so-called biliverdin jaundice 
to the underlying disease has been discussed by various writers.® 7 1 14 

According to recent chemical evidence,” * 1 18-*% *1 jt is probable that. bili- 


verdin is intermediate in the catabolism of hemoglobin to bilirubin. Demon- 


stration by Rich?* ** of both biliverdin and bilirubin in the phagocytes of tissue 
cultures of mesothelial origin, the occurrence of biliverdin in the Kupffer cells 


of geese as observed by MeNee,*° and its presence in dog’s placenta'’ and hema- 
toma fluid’® emphasize a close physiologic connection between biliverdin and 
hemoglobin breakdown. The ‘‘green hemoglobins’’ studied by Fischer,!? War- 
burg,*! Lemberg,'*-**> Barkan,” * and their co-workers, to which the name ‘‘ verdo- 
hemochromogen’’ was given by Lemberg,?° are undoubtedly biliverdin-iron-pro- 
tein complexes. Assuming that biliverdin is an intermediate stage in the transi- 
tion of hemoglobin to bilirubin, its reduction to the latter substance in the body 
normally proceeds in a manner that excludes its appearance in the serum or 
plasma in evident amounts. 

Methods have been described for the determination of biliverdin in bile,? ” 
but these are not suitable for blood serum or plasma. Biliverdin does not give 
a diazo reaction and, thus, is not included in the quantitative van den Bergh 
method for bilirubin, regardless of modification. Specific color reactions for 
biliverdin are unknown. The purpese of the present study was to develop a 
method for the quantitative determination of biliverdin in serum or plasma 
and to apply this method in studying various patients with jaundice, especially 
those exhibiting greenish or outspoken green tints. 


METHODS 

Crystalline biliverdin was prepared by the addition of purified bilirubin* 
to boiling glacial acetic acid containing ferric chloride, according to Lembere’s 
method‘? The dry erystalline substance was weighed on a microbalance, and 
404 mg. per cent solution in 0.01 per cent sodium hydroxide was prepared. 
Employing the Evelyn photoelectric colorimeter, a transmission curve then was 
determined for this solution. A like curve was-obtained for a similarily pre- 
pared solution of bilirubin. These curves are shown in Fig. 1. Inspection 
establis.es the suitable wave length for measurement of biliverdin between 
9 anc 690 millimicrons. Between these two points bilirubin transmits well, 
whereas biliverdin has a relatively great absorption. Thus, the 660 my» filter 
was em loyed in the present study. 
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The use of direct regional spectrophotometry in this determination necessi- 
tates exclusion of the presence of appreciable quantities of reduced and oxy- 
hemoglobin, methemoglobin, methemalbumin, hematin, and = sulfhemoglobin. 
These interfering pigments, in contrast to biliverdin, absorb more light in the 
region of 620 to 635 mu than at 660; initial comparison in these two regions 
thereby serves to indicate their presence. Fortunately the interfering pigments 
are seldom encountered in carefully manipulated unhemolyzed specimens, though 
the presence of any appreciable quantity of any one substance casts doubt upon 
the results of the biliverdin determination. Furthermore, the use of nonturbid, 
fasting sera is obviously necessary. The reader is referred to the work of 
Drabkin and Austin’ for further orientation concerning the light absorption of 


the various forms of hemoglobin. 
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Fig. 1.—Transmission curves for solutions of crystalline bilirubin and biliverdin. 


A ealibration curve was determined as follows: One cubic centimeter juan- 
tities of clear, fasting normal sera, containing varying known quantities of 
added erystalline biliverdin in solution, were added to 8 ¢.c. quantities 0’ dis- 
tilled water and mixed. The resultant turbidity was then dispelled hy the 
addition of 1 ¢.c. of saturated sodium chloride solution. Utilizing the | velyn 
colorimeter, the 660 my» filter, and a predetermined center setting (see nex! para- 
graph), a straight-line relationship was observed when the galvanomete: read- 
ings were plotted against concentration on semilogarithmic paper (Fig 

Normal sera, containing no biliverdin as evidenced by no dip in tro smis- 
sion between 620 and 660 mp, even when they appear to be clear, me) give 
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gvalvanometer readings between 98 and 100 when a blank (containing 9 ¢.c. of 
water and 1 ¢.c. of saturated sodium chloride) is set at 100. Consequently, 
a center setting of the instrument is determined from a diluted normal serum 
which, after giving a reading of 98 against the theoretical blank, is then set 
to read 100. This precaution prevents the apparent measurement of biliverdin 
when actually none is present, but conversely, very small amounts, less than 
0.02 mg. per cent may be missed. 

The serum bilirubin was determined by the method of Malloy and Evelyn,?* 
modified in aeeordanece with the recommendation of Dueci and Watson.” 


BILIVERDIX 
Calibration Curve - Bvelyn Colorimeter 












Procedure: 

l cc. serum 

l ce. sat. NaCl sol. 
8 cc. water 


Filter - 660 np 


~ 
[ ) 
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Calibration: 
Biliverdin added to serum 
in indicated amounts. 
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Galvanometer Reading 


b 











t T t T 
0 1.0 2.9 3.0 ae 5.0 
Biliverdin - Mg./100 ec. Serum 
Fig, 2 


«. Calibration curve obtained by adding varying amounts of crystalline biliverdin to 
normal serum. 


RESULTS 


Toe sera of twelve nonjaundiced individuals, including both hospital pa- 
tients «nd normal healthy persons, were examined for biliverdin. None was 
found in this series by the method described. Values ranging from zero to 
2.2 me per cent were obtained in the course of 105 observations on the sera 
of sixty six patients with jaundice. . 


Sicnifieant levels of serum biliverdin were found in the following patients: 
twenty-seven with carcinomatous obstruction of the common bile duct (Fig. 
3), five with infectious hepatitis (Fig. 4), five with cirrhosis and jaundice 
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PATIENTS 


TABLE I. 
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AND WATSON 


PATIENTS WITH JAUNDICE WITH NO BILIVERDIN IN SERUM 


CONDITION 
Transfusion reaction 


Hemolytic anemia 


Infectious mononucleosis 
Myelogenous leucemia 
Hodgkin’s disease 
Banti’s disease 


Cardiae Failure 


*Questionable biliverdin. 














(Fig. 4), and five with common bile duet stenosis (Fig. 
fourteen individuals with a total bilirubin under 10 mg. per cent (average, 
On the other hand, of ten with caleulous obstruction of the 


0.9 mg. per cent). 











BILIRUBIN 

DIRECT | TOTAL 

TOTAL | MG. % 
my | 5.4 
.O8 4.6 
—_ 11.0 
i 3.0 
83 30.0* 
.62 3.4 
ms eg 3.6 
19 5.0 
66 14,1 
78 3.2 
16 3.3 
22 11.3 
3] 9.3 
o2 5.95 
42 4.0 


D). 


Among th 


ese were 


common duet, five had no biliverdin in the serum, although their average total 


bilirubin was 7.1 mg. per cent (Fig. 5). 


The remaining fourteen patients (Table 1) with a range of total bilirubin 
from 3 to 30 mg. per cent (average 7.6 mg. per cent), twelve of whom had Pp 


BILIVEROIN 


CARCINOMATOUS OBSTRUCTION 


Serum values - Mo.% 
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either a hemolytic process or bilirubinemia of the predominantly indirect type, 


all had zero biliverdin. 


The interference of methemalbumin in the method was 


not recognized early in the study but undoubtedly accounts for the slight eal- 
vanometer deflection in the patient marked by the asterisk (Table I), in whieh 


a definite in vivo hemolysis was known to have occurred. 
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in patients with stone, stricture, and 


atresia of the common bile duct. 


iriation in biliverdin concentration without respect to the direction 
t chanve in total bilirubin was noted during serial observations on twelve 
Patients (Figs. 6 and 7); of these, the three in Fig. 7 stood out as being the 
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only ones who had received food or intravenous feeding to raise their caloric 
intake above basal requirements, resulting in a weight gain in two instances. 
the absence of 


LARSON, 





EVANS, AND WATSON 


In these three biliverdinemia disappeared completely despite 


any marked change in the total serum bilirubin. 
A green tint was observed in the skin of patients having as little as 0.3 


mg. per cent in the serum. 
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Fig. 6.—Changes in the serum biliverdin and bilirubin concentrations in serial studies. 
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7.—Disappearance of biliverdinemia without ¢ 
in patients with notably high caloric intakes. 


Lemberg and Wyndham?! demonstrated a rapid, in vitro transforma 
biliverdin to bilirubin in the presence of liver, kidney, and brain tissu: 


























10 


ers oe 


15 
TOTAL BILIRUBIN 


-orresponding 


yrs 


25 30 


DISCUSSION OF RESULTS 


change in total serum ) 





bin 


of 





SERUM BILIVERDIN CONCENTRATION IN JAUNDICE 487 


slower change in the presence of other tissues. They also observed a more 
rapid and complete transformation by the liver tissue of well-fed animals as 
compared with that of starved animals; furthermore, the addition of glucose 
to the tissue preparations trom the latter animals accelerated the change. Lem- 
berg?? further emphasized the role of the liver in the reduction of biliverdin 
to bilirubin and the particularly close connection between the metabolism of 
bile pigment and earbohydrate in the liver. 

The latter hypothesis gains possible support from the experience of Kan- 
asaki,!® in which green bile in the duodenal drainage of a patient with cirrhosis 
was replaced by orange bile after administration of intravenous glucose. Fur- 
thermore, biliverdin rather than bilirubin is excreted in the bile of starving 
dogs'® and by frogs?® whose livers are low in glycogen content. The oxidation- 
reduction possibilities which may exist in the liver and biliary duct system, 
both in health and disease, have been discussed by a number of investiga- 
tors.* 5, 22, 28, 29, 30 

In the present study the trend was for the higher values of serum bili- 
verdin to oceur in patients with the higher values for total bilirubin, though 
notable exceptions occurred. In agreement with the findings of Eppinger,’ 
the results indicate that the most pronounced biliverdin icterus and the highest 
values for serum biliverdin were associated with neoplastic obstruction of the 
common bile duct. However, biliverdinemia was a feature of other types of 
regurgitation jaundice as well, especially infectious hepatitis. The bulk of 
evidence favors a failure of change in biliverdin to bilirubin in the liver and/or 
other tissues. Noteworthy in this respect is the lack of biliverdinemia in the 
patients with hemolytic jaundice in which there was an obvious rapid trans- 
formation of blood to bile pigment. As to causes of biliverdinemia other than 
a failure of the liver or other organs and tissues to reduce biliverdin to bilirubin, 
the spontaneous oxidative formation of biliverdin from bilirubin in the gall 
bladder and bile ducts, with subsequent reabsorption, must be considered. In 
this regard, the patients with a high biliverdinemia did not show greater clinical 
evidence of infection than those with equal jaundice and less biliverdinemia. 
Furthermore, serial observations in twelve patients indicated that the serum 
biliverdin concentration can change markedly in one to five days without cor- 
responding change in total bilirubin and, therefore, in the ease of common 
duct obstruetion, without change in the reabsorption possibilities from the 
biliary tree. 

In contrast to the clinical observations of Brugsch® and Horsters,'* bili- 
verdinemia was not observed in jaundice due to hemolytic processes. 


SUMMARY AND CONCLUSIONS 


1. A direct spectrophotometric method for the quantitation of biliverdin 
in serum or plasma is described. 

2. Observations on sixty-six patients with jaundice due to various causes 
are Summarized. In general, biliverdinemia is a feature of regurgitation jaun- 
dice; it has not been observed in hemolytic (retention) jaundice. Absence of 
biliverdinemia speaks against a diagnosis of jaundice due to neoplastic obstrue- 
tion. 
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3. There is suggestive evidence that biliverdinemia is abolished in jaundice 


when the nutritional status of the patient improves. 
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DIFFERENTIAL AGGLUTINATION OF HUMAN ERYTHROCYTES 
EVALUATION OF TECHNIQUE 


LAWRENCE E. Youna, M.D., RicHarp F, PLatrzer, M.D., 
AND JAMES A. Rarrerty, M.D. 
RocHESTER, N. Y. 


WiItH THE TECHNICAL ASSISTANCE OF 
BERDINE PRocTOR AND Mary JANE Izzo, B.A. 


HE differential agglutination of erythrocytes depends upon a specific reac- 

tion between the agglutinin of an antiserum and the agglutinogen of red 
cells. After transfusion of red cells lacking an agglutinogen present in the 
cells of the recipient, it is possible to agglutinate the cells of the recipient by 
use of an appropriate antiserum. Conversely, after transfusion of erythrocytes 
containing an agglutinogen not present in the cells of the recipient, but for 
which the recipient’s serum has no specific agglutinin, the donated corpuscles 
ean be differentially agglutinated. 

Inasmuch as this procedure has many applications in investigative medi- 
cine, it was deemed worth while to study the factors affecting the accuracy 
of the method and to determine the most satisfactory quantitative procedure. 
The objectives of this paper are (1) to deseribe the technique currently used 
by this laboratory and (2) to present the practical, experimental, and statis- 
tical considerations which led to the adoption of this technique. 


HISTORICAL 


In 1919 Ashby' first studied the fate of transfused erythroeytes by giving 
Group O cells to recipients belonging to one of the other major groups. She 
found, for example, that after transfusing Group O eells to a Group A re- 
cipient, the latter’s cells could be agglutinated with anti-A (Group B) serum 
and that the unagglutinated O cells of the donor could then be enumerated 
by transferring the serum-cell mixture to a counting chamber. Wiener? ® later 
demonstrated that differences in MN type could be utilized in a similar man- 
ter. Atter transfusing AN cells, for instance, to an AMN recipient, the latter’s 
cells were agelutinated by anti-M serum and the unagglutinated AN cells of 
the donor could be counted as in the method of Ashby. By utilizing both ABO 
and MN differences, it was soon proved feasible to make observations simul- 
laneousiv on the fate of cells from two or three different donors in the cireu- 
lation of a single recipient. 
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Ashby’s technique consisted of filling a leucocyte pipette with capillary 
blood to the .5 mark. The pipette was then filled to the 1.1 mark with a 20:1 
mixture of serum and 4.4 per cent citrate solution. The mixture was expelled 
into a small test tube, shaken, incubated at 37°C. for forty minutes with 
shaking every ten minutes, and then placed in an icebox overnight. On the 
following day the mixture was shaken, a drop placed in a counting chamber, 
and the cells in 160 small squares in each of two chambers were counted. 
A tube containing the blood of a nontransfused individual was used as a con. 
trol to test the agglutinative capacity of the serum, and the same serum was 
used throughout each experiment. Ashby‘ later advised against refrigera- 
tion of serum-cell mixtures because of nonspecific agglutination caused by low 
temperatures. 

In 1922 when Wearn and associates’ used Ashby’s method to determine 
the life of transfused red cells, they noted that, of the cells which should have 
been specifically agglutinated, from 20,000 to 50,000 per eubie millimeter re- 
mained unagglutinated and they considered 50,000 such cells per eubie milli- 
meter the upper limit for satisfactory sera. 

In 1924 Jervell® made a comprehensive study of the factors affecting the 
accuracy of Ashby’s technique. He used saline suspensions of cells mixed 
with agglutinating sera of high titer and found that shaking of serum-cell 
mixtures for one minute was adequate and that further shaking did not alter 
the counts. 

Landsteiner and co-workers’ in 1928 first employed M and N factors in 
a study of the longevity of type M donated cells in a recipient of type N, and 
Wiener and associates® ° applied M-N differences to the study of transfusion 
reactions and storage of blood. 

Mollison and Young,!” 71 who applied the principle of differential aggluti- 
nation to the study of various blood preservatives, drew capillary blood into 
a hemoglobinometer pipette, mixed it with citrate, and then mixed the cell 
suspension with antiserum in a flat-bottomed bottle. Anti-A, -B, -M, and -N 
sera were used, and two individuals enumerated the unagglutinated cells 

Dacie and Mollison’ in 1943 further refined the technique during the 
course of their studies on hemolytic anemias. They added 20 e. mm. of capil- 
lary blood to 1.0 ¢.e. of saline, or 0.1 ¢.c. of venous blood to 5.0 ¢.e. of saline; 
the resulting cell suspension was mixed with an equal volume of potent anti-A 
or anti-B serum, allowed to stand an hour, centrifuged, shaken, and again 
centrifuged. Anti-M and anti-N sera were used in the same way with the 
exception that the serum-cell mixtures were allowed to stand two hours and 
were not placed in the centrifuge. 

The technique of Dacie and Mollison was used with notable success by 
Brown, Hayward and co-workers’ and by Callender and associates" in their 
investigations of the manner of destruction of transfused normal erythrocytes 
by normal and anemic recipients. This method also has been employed by 
Young and Lawrence’ ** whose only deviation was that of preparing an initial 
1:101 dilution of blood in saline instead of a 1:51 dilution as recommended by 
Dacie and Mollison. 
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Other techniques of differential agglutination have been developed and 
successfully used by Dekkers,’ Denstedt and co-workers,'® and Thalhimer.’® 
Ebert and Emerson,”° who made a thorough study of the hemolytie effect of 
Group O blood and pooled plasma, were the first to describe the use of dried 
antiserum for differential agglutination, an innovation having advantages which 
will be enumerated subsequently. It is the technique of these authors?” *' 
that has been followed to the greatest extent in developing the method eur- 
rently adopted by this laboratory. 

In 1924 Isaaes** criticized studies employing the technique of differential 
agglutination of cells. He stated that reticulocytes and nucleated red cells 
were nonagglutinable and were largely responsible for the error of the method. 
Subsequent observations in other laboratories and those reported in this paper 
show clearly, however, that reticulocytes are readily agglutinated by the usual 
antisera. 

APPLICATIONS OF THE TECHNIQUE 


The applications of the technique of differential agglutination are de- 
scribed in detail in the publications to which referenees have been made and 
are reviewed briefly elsewhere.** These applieations may be enumerated as 
follows: 


1. Determination of the life span of normal red eells by transfusion to 
normal recipients. By this method the erythrocyte has been found to survive 
for periods as long as 120 days or more." 

2. Study of pathologie destruciion of red corpuscles in hemolytie disor- 
ders hy ‘‘eross-determination of the lifetime of erythrocytes.’’! 1% 24 25 Nor- 
mal cells are transfused to patients with hemolytie anemia and cells from the 
latter are transfused to normal recipients in an effort to determine whether 
intra- or extracorpuscular abnormalities, or both, may be present. 

3. Investigation of transfusion reactions in which incompatible donated 
cells are rapidly destroyed by the action of regular or irregular isoagglutinins 
of the recipient, or in which the recipient’s cells are subjected to the hemolytic 
effect of transfused plasma or Group O blood.® 2% 2% 27 

4. Evaluation of the effects of storage, preservatives, and methods of 
transport of whole blood and red blood eells.® 1% 1 18 

). Observations on the selective action of the spleen on abnormal autol- 
ogous cells as contrasted with normal donated cells.2*% 2° 


THE TECHNIQUE 

Five cubie centimeters of venous blood are withdrawn into a dry syringe 
with a minimum of stasis, and after removing the needle, the blood is expelled 
into a hottle containing 4 mg. of dried potassium oxalate and 6 mg. of dried 
ammonium oxalate.*° After gentle rotation, 0.5 ¢.c. of the oxalated blood is 
transferred with a volumetric pipette to a 100 ¢.c. volumetrie flask which is 
then filled to the mark with fresh normal saline. After thorough mixine. 
02 ce. portions of the 1-200 suspension are transferred with a serologic pipette 
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to each of four test tubes of approximately 7 mm. inside diameter and 6 em. 
length. Tubes 1 and 2 contain only the saline suspension of cells, while tubes 
3 and 4 contain 2 to 4 mg. of dried anti-M or anti-A serum.* This is the 
amount which can conveniently be held on the broad end of a toothpick, and 
no more accurate measurement than this appears to be necessary or practical. 
All the tubes are shaken gently and after about three minutes tubes 3 and 4 
containing the serum-cell mixtures are centrifuged for one minute at 1,000 
revolutions per minute. They are then shaken for fifteen seconds by rapid 
flicking against the table and after standing five minutes or longer at room 
temperature the mixtures are counted. 





0.6 CC 1.OoCcC. 
—VOLUME TRIC ——>— —————— SEROLOGKAL—— — ae 
PIPETTE PIPETTE 0.2/cc ° elce oalec occ 
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SQUARES COUNTED OW EACH PERSON | COUNTS CHAMBERS A AND D 
SIDE OF A CHAMBER PERSON & COUNTS CHAMBERS B® AWD C 


Fig. 1.—Diagram of technique. 


After reshaking for fifteen seconds the cell suspensions and serum-cell 
mixtures are transferred to a bright-line counting chamber by means of large 
bore (0.8 to 1.2 mm.) capillary tubes which are discarded after a single filling. 
Each of two individuals fills one side of a chamber from each of the four tubes 
and counts the red cells in two sets of five squares (each square measuring 
200 microns) in each side of a chamber as indieated in Fig. 1. By this pro- 
cedure, 4 saline and 4 serum counts of five squares each are made by each 
person, thus giving a total of 8 saline and 8 serum counts. In counting fields 
where agglutinated cells are present, any square containing a large elwip is 
omitted and an adjacent square is counted in its place. Both persons enter 
Pearl 


*The dried antisera used in these studies were purchased from Lederle Laboratories 
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ate the cells simultaneously and with a minimum of delay. Counts are dis- 
‘rarded and repeated if (1) either person suspects a break in technique or 
(2) the difference between the average counts for five squares is greater than 
1.5 standard deviations. 

The same lot of serum is used throughout each investigation, if possible, 
and the serum is tested at the beginning of the experiment, and periodically 
thereafter, for its ability to agglutinate the cells which possess the specific 
agglutinogen. If less than 10,000 per cubic millimeter of the cells containing 
the agglutinogen for which the antiserum is specific are left unagglutinated, 
no correction factor is necessary. If from 10,000 to 50,000 cells per cubic 
millimeter are left unagglutinated, this correction factor is subtracted from 
each serum count. If more than 50,000 cells per cubie millimeter fail to ag- 
glutinate, the serum is considered unsatisfactory for use in this procedure. 
This means that 99 per cent of the cells must be agglutinated if the suspension 
used contains 5 million cells per cubie millimeter. 

The calculations made after completing each group of counts are most 
easily presented by citing an example such as that of an OMN recipient trans- 
fused with ON erythrocytes. Following such a transfusion, anti-M serum 
agglutinates nearly all of the recipient’s cells and leaves unagglutinated all 


of the donated cells which are enumerated in the serum count. In this ease: 


(1) Total number of red cells per cubic centimeter (that is, OMN + ON 


cells) (Average of 8 saline counts of five squares each) x 10,000 
(2) Number of ON cells per ecubie millimeter (Average of 8 serum 
counts x 10,000) — the correction factor 
(3) Number of OMN cells per cubic millimeter Total number red cells 


per cubic millimeter — number ON cells per cubie millimeter 


If typical figures are substituted in these formulas as examples, the following 
results are obtained : 


(1) 425 x 10,000 = 4,250,000 
(2) (170 x 10,000) — 20,000 = 1,680,000 
(3) 4,250,000 ~— 1,680,000 = 2,570,060 


It is to be noted that the average of the saline counts made by this method 
provides an accurate count of the total red cells per eubie millimeter when the 
figure is multiplied by 10,000. 

If the number of unagglutinated cells in the serum-cell mixture is below 
100 per set of five squares, it is advisable, because of large Poisson errors, to 
make i Separate saline suspension containing 1, 2, or 4 ¢.c. of oxalated blood 
in 100 ¢.¢. of normal saline and to use this suspension for mixing with anti- 
strum. Counts obtained are then divided by 2, 4, or 8, respectively, in the 
final calculations. 

When liquid antiserum is used instead of the dried preparation, 1.0 c.e. 
ot oxalated blood is ordinarily diluted to 100 ¢.c. with saline and 0.2 ¢.c. of 
the 1:100 suspension is placed in each of four tubes as is done when dried 
serum is used. To tubes 1 and 2 is added 0.2 cc. of saline and to tubes 3 














494 YOUNG, PLATZER, AND RAFFERTY 


and 4 is added 0.2 ¢.c. of antiserum. The remainder of the procedure is the 
same with liquid sera, with the exception that it may be necessary to shake 
the serum-cell mixtures more gently than when dried antisera are used. The 
optimum amount of shaking may vary from serum to serum, either wet or dry, 
and it is therefore necessary that this amount be determined for each lot of 
serum at the beginning of an experiment. 
FACTORS AFFECTING THE ACCURACY OF THE TECHNIQUE 

Selection of Donor-Recipient Combination Prior to Transfusion.—Sinee anti- 
A, -B, and -M sera give quantitative results, as will be shown in the diseus- 
sion of antisera, it is possible to use differential agglutination in the eombina- 
tions given in Table I. Inasmuch as the cells of all individuals in the popu- 
lation contain either the M or the N factor, or both, it is possible to earry out 
this procedure with all recipients. When Group O blood is given to A, B, or 
AB recipients, it is advisable to use only the red cells?® or to add A and B 
substances to whole blood. The deliberate transfusion of Rh-positive blood 
into Rh-negative recipients for the purpose of studying differential agglutina- 
tion is potentially dangerous and unjustifiable, particularly if there are to be 
repeated transfusions or if pregnaney is anticipated in the case of the Rh- 
negative female recipient. Likewise, the repeated transfusion of A, blood to 
an A, recipient or vice versa may be potentially dangerous, especially if the 
recipient is suffering from a hemolytic disorder.*! 

TABLE I. MIxTuRES OF DoNOR’S AND RECIPIENT’S BLoopD Most SATISFACTORILY USED 


IN DIFFERENTIAL AGGLUTINATION 





SERUM USED TO UNAGGLUTINATED 


RECIPIENT’S | “DONOR’S — 


GROUP GROUP DIFFERENTIATE CELLS 

A O Anti-A O 
B O Anti-B O 
AB O Anti-A, Anti-B, or both O 

A Anti B A 

B Anti-A B 
N M Anti-M N 

MN Anti-M N 
M N Anti-M N 
MN N Anti-M N 


Sampling of Recipient’s Blood.—Best results have been obtained with 5 c.¢. 
samples of venous blood drawn into dry, sterile syringes without stasis and 
transferred to bottles containing dry oxalate mixture. Capillary blood may 
be used if venous blood is not readily obtainable, but it is to be kept in mind 
that some accuracy is sacrificed in taking small samples.* Capillary blood is 
most easily drawn with a hemoglobinometer pipette from which a 0.02 c¢. 
sample is transferred to a tube containing 4.0 ¢.c. of saline, thus giving 4 


*It should be emphasized that the hematocrits of venous and capillary blood may differ 
significantly and that both may differ widely from the ‘‘whole body’’ hematocrit. The porns 


differential agglutination tests made after transfusion should be interpreted with these 
crit variations in mind. 
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1:200 dilution of cells as in the method employing venous blood. Capillary 
samples are best taken and diluted in duplicate in order to reduce the error 
inherent in the use of small volumes. 

Preparation of the Saline Suspension.—The 0.5 ¢.c. volumetric pipettes, 
whieh are used routinely in transferring venous blood samples to the 100 e.e. 
flasks, have an error of not more than 0.1 per cent, while +.16 ¢.c. is the toler- 
ance for error of the 100 ¢.e. volumetric flasks. Multiple dilutions with the 
accompanying inerease in error are avoided by this method. It is important, 
if accurate results are to be obtained, that saline suspensions be of such density 
as to provide counts of between 400 and 500 and never less than 200 cells per 
five squares. Stronger suspensions should be made if the counts do not fall 
within this range. As previously stated, more concentrated suspensions of 
cells in saline should be prepared to mix with antiserum if the counts of un- 
agglutinable cells fall below 100 per five squares. The coefficient of variation 
for a count of 100 is 9 per cent and is larger for counts smaller than 100. 

Differential counts are sometimes made on the nonhemolyzed cells remain- 
ing in the bottom of each tube used in testing the osmotie or mechanical fragil- 
ity of mixtures of two types of cells present in peripheral or splenic blood.?® °° 
When this is done, the cells are resuspended in normal saline until the density 
of the suspension matches that of a standard tube of the same size containing 
a 1:200 dilution of whole blood having a red cell count of from 4.0 to 5.0 mil- 
lion. Two-tenths cubic centimeter portions of the resuspended cells are then 
transferred to four small tubes, and the remainder of the procedure is carried 
out in the usual way. The proportions of the two types of cells can be de- 
termined from counts made on such preparations. 

The Antiserum. 

The Antisera to Be Used: In light of the present knowledge of the ag- 
glutinogens of human erythrocytes, it is theoretically possible to use eleven 
different antisera for this purpose. These antisera are anti-A, -B, -A, (ab- 
sorbed B), -M, -N, -P, -Rh,, -Rh’, anti-Rh”, -Hr’, and -Hr”. In the final analysis 
the accuracy of the procedure depends to a great extent on the quality of 
antiserum used. Of the sera available in our laboratory only anti-M, -A, and 
-B have been satisfactory. 

Dried serum has the advantages of relatively uniform potency, stability, 
and economy. The fact that dried antiserum, in the amounts used, does not 
dilute the saline cell suspensions was proven by comparing the counts of saline 
suspensions of AN cells before and after adding dried anti-M serum in the 
usual proportions. The difference between the counts was only 2.8 per cent, 
revealing no apparent dilution or nonspecific agglutination. This experiment 
was repeated using dried anti-N serum and AM eells and the difference in 
counts was less than 4 per cent. 

The Proportion of Antiserum and Cell Suspension: The amount of dried 
serum, which causes nearly complete specifie agglutination and no nonspecific 
agglutination, has been determined by our experiments to be from 2 to 4 mg. 
per 0.2 ¢.e, of cell suspension. Amounts of from 4 to 8 mg. in 0.1 ¢.e. of eell 
suspension caused nonspecific agglutination in the ease of anti-N serum. For 
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practical purposes the amount which can be held on the broad end of a tooth- 
pick (2 to 4 mg.) gives satisfactory results. 

Correction Factor for Nonagglutinable Cells: The problem of correction 
factors based upon counts of unagglutinated cells made prior to transfusion 
has been extensively dealt with in the literature.*:'° *? To be satisfactory 
for use in this procedure the serum should leave unagglutinated not more than 
50,000 cells per cubic millimeter, or more than 1 per cent of cells containing 
the specific agglutinogen. Frequent retesting of the antisera, particularly 
liquid antisera, to check the correction factor is advised. As shown in Table 
II, the nonagglutinable cells amounted to only 0.2 per cent with dried anti-M 
serum and 0.5 per cent with dried anti-A serum currently in use in this 
laboratory. 

The theory that nonagglutinable cells are reticulocytes or nucleated cells 
is untenable in view of the work of Callender and associates'* and the follow- 
ing observations made in this laboratory : 

1. The freshly drawn erythrocytes which were left unagglutinated after 
mixture with anti-A, -B, and -M sera were stained with brilliant cresyl blue 
and no reticulocytes or morphologically abnormal cells were found. 

2. Dried anti-M serum was added to a suspension of MN cells from a 
patient with chronic hemolytic anemia. Although 51 per cent of the cells were 
reticulocytes, only 2 per cent were left unagglutinated, which means that most 
of the reticulocytes were agglutinated as were the mature cells. At the be- 
ginning of a previous experiment,’® when 73 per cent of the erythrocytes from 
this patient contained reticulum, only 0.5 per cent were left unagglutinated 
by liquid anti-M serum. 

Potency of Antiserum: In order to test the effectiveness of various anti- 
sera in differential agglutination, suspensions of washed, fresh A,MRh+, BNRh+, 
OMRh-, and A.MRh+ cells were prepared in saline. Counts were made on 
each suspension, 1.0 ¢.e. portions of each suspension were combined to make 
a mixture of the four types of cells, and this mixture was then counted. ‘To 
portions of the mixed cell suspension, anti-A, -B, -A,, -M, -N, and -Rh, sera 
were added by the technique described. In order to determine the nonag- 
elutinable cell count, each of these antisera was tested with that suspension 
of cells containing the agglutinogen for which it was specific; for example, 
the anti-B serum was tested with the BNRh+ cells. Four counts of five squares 
each were made by each of four individuals on each saline suspension and 
serum-cell mixture. 

This experiment was designed to test the accuracy of differential aggluti- 
nation with the antisera which were available in our laboratory on a given 
date. Although the results of this experiment which are shown in Table II 
apply only to the sera tested, similar observations may be carried out to com- 
pare the potency of other sera and to determine the accuracy of the procedure. 
It is apparent that only the anti-M and anti-A sera tested were sufficiently 
potent to agglutinate 99 per cent of the cells containing the specific agglutinogen. 
A comparison of expected per cent nonagglutinated cells and the actual per 
eent of nonagelutinated cells in the mixture of cells is shown in Table IJ. The 
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TABLE II. RESULTS OF DIFFERENTIAL AGGLUTINATION OF ARTIFICIAL MIXTURE OF 
ERYTHROCYTES WITH ANTISERUM 





| AVERAGE OF 4 | | 

| COUNTS BY | ACTUAL PER EXPECTED PER PER CENT PER CENT 
| 

| 








EACH OF 4 CENT NOT CENT NOT DIFFERENCE | NONAGGLU- 
ANTISERA 


PERSONS AGGLUTINATED* | AGGLUTINATED | + OR — TINABLEt 





Anti-B (dry) 372 1.4 3.8 2.48 4.9 
Absorbed B x 41.1 } 34.56 41.7 
(liquid ) 
Anti-M (dry) 125 24.9 26.2 1.39 0.2 
Anti-N (dry) : 54.1 3.8 19.7§ 8.21 
Anti-Rh, 26-5 26.6 24.2 1.8} 
(liquid ) 


Anti-A (dry) | 258 52.6 50.- 22} 0.5 
7 








*Corrected for nonagglutinable cells as shown in last column. 
¢tCounts made on individual cell suspensions. 

tNot agglutinated. 

§Ageglutinated. 


anti-A, and anti-N sera yielded results grossly different from those expected. 
These results illustrate the consequence of using antisera of low potency and 
specificity. The dried anti-B serum used in this experiment left 4.71 per cent 
of B cells unagglutinated, whereas previous lots of liquid anti-B serum ob- 
tained from donors immunized with A and B substances were considerably 
more potent. Additional lots of dried anti-B serum have not yet been tested 
in this laboratory. 

Minimum requirements for blood grouping and typing sera have recently 
been set forth by the National Institute of Health.*? 

The Reaction of Specific Agglutinin and Agglutinogen.— 

Time: The time required for maximal agglutination varies widely depend- 
ing upon the avidity of the serum and whether or not the serum-cell mixture is 
centrifuged. In our experience and that of other recent investigators,”! three 
minutes before centrifuging and five minutes afterward are adequate. 

Centrifugation of Serum-Cell Mirtures: It is well known that hemagegluti- 
nation is greatly accelerated by centrifugation of serum-cell mixtures. Dacie 
and Mollison’? recommend that the mixtures containing liquid anti-A or anti-B 
serum be allowed to stand for at least sixty minutes before centrifugation. 
The experience of this laboratory indicates, however, that a period as short as 
three minutes is adequate for dried anti-A and anti-M sera and probably for 
liquid anti-A, anti-B, and anti-M sera. Ebert and Emerson?’ and Emerson and 
Shen*? have also found that it is necessary for mixtures containing dried anti-A 
or anti-B serum to stand only a few minutes before centrifugation. 

Since anti-M and anti-N sera are absorbed rabbit sera, nonspecific reactions 
between these sera and human cells may often be encountered.* *® Dacie and 
Mollison have cautioned against centrifugation of mixtures containing anti-M 
or anti-N serum because of the danger of causing nonspecific clumping of type 
N cells by an occasional lot of liquid anti-M serum, but this has not been true 
of the lots of dried anti-M serum thus far tested. Both liquid and dried anti-N 
sera liave been noted to cause some nonspecific agglutination in our experience, 
particularly after centrifugation. If centrifugation is carried out for more than 
One minute at 1,000 to 1,500 r.p.m. there may be some false agglutination. 
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Temperature: In our experience and that of other workers* *° room tem- 
perature is most satisfactory. The titer, and probably the avidity of isoagglu- 
tinins is decreased at temperatures as high as 44 to 55° C. which were recom- 
mended by Jervell.6 Refrigeration, on the other hand, as originally used by 
Ashby’ may eause nonspecific cold hemagglutination. 

Shaking: The amount of shaking to which the serum-cell mixture should be 
subjected is a problem which must be standardized with various sera. We have 
found that with potent dried antisera vigorous shaking by flicking against the 
table for fifteen seconds is necessary and if the shaking is too gentle false ag- 
elutination may be present. Vigorous shaking may not be necessary, however, 
when liquid antisera are used. Saline suspensions are shaken in the same fashion 
as serum-cell mixtures. 

Filling the Chamber.—For filling the chamber it has been found that dis- 
posable glass capillary tubes which are from 0.8 to 1.2 mm. in diameter and 12 
em. in length are convenient and give constant results. When exceptionally 
large clumps of agglutinated cells are present, it is advisable to avoid them in 
removing samples from the tubes.” 7 When saline cell suspensions were trans- 
ferred to counting chambers with 1.2 mm. capillary tubes, 0.2 mm. eapillary 
tubes and the stems (0.4 mm.) of Trenner erythrocyte pipettes, the differences 
in counts were insignificant. In making this comparison each of two persons 
made four transfers by each of the three methods and counted ten (200 mm.) 
squares after each transfer. It was found, however, that in transferring 
serum-cell mixtures irregularities were apt to occur when capillary tubes 
smaller than 0.5 mm. in diameter were used. Trenner pipettes have not been 
employed for this purpose because of the time required for their cleaning. 

Counting of Cells—Simultaneous counts by two persons of the cells in each 
tube make it possible to detect the unavoidable errors of technique which oceca- 
sionally oceur. These errors are assumed to exist, even though they have not 
been observed, when the differences between the counts is greater than 1.5 stand- 
ard deviations. The counts are then discarded and repeated with different 
chambers. The 1.5 standard deviation control limit is economical, permitting a 
loss of only about 12 per cent of ‘‘true’’ counts. The standard deviation of the 
difference between the counts (that is, the average of four sets of five squares) 
obtained by two persons is: 


o (A, - A.) = V 015 (A,2 + Ao?) + .2 (A, + A) 


where A, and A, are the counts by the two persons (See Statistical Considera- 
tions). In the range of counts dealt with, 100 to 500, 1.5 o has the range 20 to 80. 

In order to determine the better method a statistical test was done compar- 
ing: (1) two persons counting ten squares on each side of the chamber and (2) 
two persons counting twenty-five squares on only one side of the chamber. By 
each method 30 saline suspensions of different concentrations were counted. 
The coefficients of variation for the difference between the average number of 
cells in five squares (that is, the average counts) found by two persons were 
corrected for Poisson errors and were found to be (1) 8.2 per cent and (2) 
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13.4 per cent. Fisher-Z which tests the homogeneity of these values has a 
probability near 5 per cent. The discrepancy of these values is attributable 
to chamber error, more thoroughly characterized by Berkson** as 4.5 per cent. 
Since the consistency between counts by different persons is used as a criterion 
of statistical control, the first method (1) was adopted because of its greater 
precision. 

STATISTICAL CONSIDERATIONS 


Formulation of the technique presented in this paper was based upon many 
practical and experimental considerations, some of which required statistical 
tests and judgments in the management of sampling errors in counts. A count 
obtained by this technique presumably will be compared with another one 
under different experimental or clinical conditions. Such comparisons of 
counts require statistical judgments based on the standard deviations of counts 
and differences between them. If o, is the standard deviation of count A, and 
oy is the standard deviation of count B, the standard deviation of the differ- 
ence between counts A and B is: 


—_— 


o (A - RB) V oye + Op? 


Similar manipulations of the standard deviation can be found in elementary 
statistical textbooks for other types of experimental comparisons. <A 1.5 o 
tolerance or error range includes about 88 per cent of random counts. In this 
laboratory differences between counts beyond the 1.56 range are convention- 
ally considered nonrandom. 

The general formula for the standard deviation of a count by the tech- 
nique of this paper is given by: 


ew 0.15 AZ SA 
= N MN 


where A is the count, which is the average count of M counts of five squares 
by each of N persons. The precision of any statistical test using o4 can be 
enhanced by increasing M, N, and/or A. <A convenient number of counts of 
five squares is 4(M = 4) and persons is 2(N = 2), and counts are held within 
the range 100 to 500. The first factor (.015) was determined from several 
hundred counts made under varying circumstances: different values of M, N, 
and A; saline and different antisera; different recipient-donor combinations, 
ete.; all of these conditions showed homogeneity of errors. This factor, which 
should be determined in each laboratory unless the technique described here 
is followed exactly, represents the relative variation due to random effects in 
apparatus and technique and limits the precision in high counts. The second 
error factor (.8A) due to Poisson errors** is important in low counts. For 
A = 100, og = 9. Thus, counts smaller than 100 should be avoided by using 
cell suspensions of sufficiently low dilution. 


Example: Accompanying the numerical example under Technique are the 
following calculations of errors: 
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Saline count = 425 + 37 


ne {0.15 (425)2 
where : = 


) 


Serum count 168 15 
4 015 (168)2 

where 15 = o Se r 

2 (4) 


(.d) 


Saline minus Serum 257 + 40 


where - \ (37.)2 + (15)2 


In similar fashion the difference between (1), (2), or (3) counts for dif- 
ferent clinical or experimental conditions can be tested for statistical signifi- 
cance by repeated application of the general formula, o(4 — »), previously given. 

Example: One day after transfusion of ON blood to an OMN recipient, 
the technique was carried out using dried anti-M serum which agglutinated 
the recipient’s but not the donor’s cells. The serum count was 132 and a 
month later it was 103. The standard deviation for the difference between two 
counts, A = 132, B = 103: 


(015 (1322 + 1032) 


VO 


SUMMARY 


1. A technique of differential agglutination of human erythrocytes is pre- 
sented in detail and its applications in experimental medicine are outlined. 

2. The accuracy of the technique has been tested experimentally. 

3. The precision of the technique has been analyzed and stated statistically. 


CONCLUSIONS 


1. The technique of differential agglutination gives accurate and precise 
quantitative results. 

2. Antisera of sufficient poteney, avidity, and specificity are necessary. 
Dried antisera (A, B, and M) have the advantages of stability and relatively 
uniform potency. 

3. Reticulocytes are agglutinated in the same manner as mature cells and 
erythrocytes which fail to agglutinate are not morphologically abnormal. 
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¥ EVALUATING factors which are responsible for a hemorrhagic state, 
fibrinogen deficiency is seldom considered. Yet, occasionally, as in the case 
to be described later, it may be an important factor. 

Fibrinogen deficiency is rare. It may be either acquired or congenital. 
Quick! described the condition and reviewed the literature. The congenital 
type is characterized by its hereditary nature, by the tendency to bleed inter- 
mittently from birth, frequently oozing from the umbilical stump, and by a 
low or absent fibrinogen. Nine cases? have been reported with no fibrinogen 
and five® with a reduced quantity. 

The acquired form has been reported more Tfrequently. 
usually show a transient fibrinogen deficiency that has been attributed to an 
interference in fibrinogen formation. In 1924 Opitz and Silberberg* described 
a fatal case of generalized tuberculosis with hemorrhagic diathesis in a 
3-year-old girl with no fibrinogen. At autopsy the liver was replaced by 
easeous masses and this finding was considered by the authors as evidence that 
the liver is the source of fibrinogen. In 1927 Knauer* reported a case of possible 
purpura fulminans occurring in a 6-year-old girl during an attack of varicella. 
Fibrinogen was 0.015 Gm. per 100 c.c. of plasma. No liver damage was evident 
and it was suggested that the fibrinogenopenia was due to recticuloendothelial 
system damage. In 1930 Jiirgens and Trautwein® found less than 0.1 Gm. per 
cent fibrinogen in a 52-year-old man with extensive prostatic metastases in the 
bone marrow. The liver showed subeapsular deposits but otherwise was normal. 
They suggested that bone marrow has a role in the manufacture of fibrinogen. 
In 1935 Risak*: * examined 230 patients with varied diagnoses and found eight- 
een with a fibrinogen level below 0.1 Gm. per cent; most of these did not show 
a bleeding tendency. They included patients with blood dyscrasias, infectious 
diseases, extensive burns, malignancies, and a miscellaneous group. Walden- 
strom” > has recently described three patients with fibrinopenia, hyperglo- 
bulinemia, and a tendency to bleed excessively. 

In the English literature in 1936 Dieckmann*® reported three cases ot 
abruptio placentae with a fibrinogen level below 0.1 Gm. per cent and attributed 
this to the loss of blood. Allibone and Baar?’ have described a complete ab- 
sence of fibrinogen in an infant with obliteration of the bile ducts and biliary 
eirrhosis of the liver. The fibrinogen was restored to normal with treatment; 
however, progressive liver damage continued and death occurred in three 
months. They reviewed the literature, found fibrinogen normal in cases of 
severe liver damage, and concluded that a decrease in fibrinogen may or may 
not oceur when the liver is diseased and that the site of formation in the liver 
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and bone marrow is fairly well established. Recently in 1946 Field and Dam® 
reviewed the factors in production of fibrinogen and coneluded that in the chick 
the fibrinogen levels are influenced by dictary regimen. Apparently an inade- 
quate protein intake produced elevated fibrinogen levels which were attributed 
to a metabolie disturbance of the liver. 

The fibrinogen level at which a hemorrhagic state appears is controversial. 
In 1931 Peters and Van Slyke’ gave the normal range for plasma fibrinogen 
as 0.2 to 0.4 Gm. per cent. In 1930 Jiirgens and Trautwein® considered 0.15 to 
0.12 Gm. per cent as the critical level below which blood did not coagulate. 
Risak’ * cited a patient with constitutional fibrinogenopenia whose son had only 
0.02 Gm. per cent fibrinogen and no bleeding tendencies. In many eases the 
bleeding is intermittent even though the fibrinogen remains low or even absent. 
This inconsistency has been attributed to the existence of additional factors. 
Rabe and Salomon? * thought some change in vascular permeability may be 
necessary. Several authors? >“ ® have commented on the association of a 
thrombopenia and decreased fibrinogen. Allibone and Baar* ” reported a case 
of congenital fibrinogenopenia with hemorrhagie manifestations with a value 
of 0.11 Gm. per cent and reviewed the theory that a deficiency in the factor of 
the coagulation mechanism may be compensated by the remaining factors. 
Henderson and associates?" coneluded that the threshold is about 0.06 Gm. 
per cent. 

3ecause the number of cases so far reported is small, a recent case en- 
countered by us is described in detail, 


CASE HISTORY 


O. W.,* a 51-year-old farmer’s wife, was first admitted to Wesley Memorial Hospital 
’ ) , y 


on Aug. 8, 1944, with complaints of diarrhea and generalized weakness both of several months 
duration. No evidence of a hemorrhagic tendency was present at that time, and the diagnosis 
was multiple dietary deficiency resembling sprue. The patient was discharged on a high 
caloric, high protein, high vitamin diet plus supplemental vitamins. On this therapy the 
diarrhea subsided in about a month and she felt greatly improved, so much so that in May, 
1945, nine months after the first admission, she stopped the specific diet and the vitamin 
supplements. However, the food intake remained abundant and varied. Late in June, 
1945, the diarrhea recurred and the weight dropped from 116 to 100 pounds. In August, 
ten days prior to the second entry, large black and blue areas appeared on the skin. A few 


days later the patients knees became painful and discolored. Two small skin abrasions oozed 
constantly. 


On the evening before admission she injured her gum with a pin, producing 


bleeding which continued until about thirty-six hours after entry. 


At the time of admission the patient was emaciated. Ecchymotie areas covered all 


extremities and were numerous about the head. Abrasions on the arm were oozing slightly. 
The gum at the site of the injury was bleeding freely. The knees were swollen and tender. 


The skin of the hands, legs, and feet was unusually firm and thick. The blood pressure 
was 118 /80, 


eXamination. 


No abnormalities of the heart, lungs, and abdomen were noted on physical 
Throughout the next two days bleeding into the tissues, from the gum and 


mary tract, became so severe that termination of the hemorrhagic state was urgently needed. 


Factors involved in the coagulation mechanismt+ were considered. As noted in Table 


8 coagulation time was seventy minutes. Since calcium is almost invariably present in 
Suificient 


concentration to promote thrombin formation when the other factors are present, 


a TI % . . e . . 
Possible caleium deficiency seemed unlikely as the cause. A low ascorbic acid level could 


—— 


eters seen through the courtesy of Dr. Edgar C. Cook of Mendota, II. 
ot 


*quals —e plus calcium plus thromboplastin equals thrombin; fibrinogen plus thrombin 
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have accounted for increased capillary fragility but not for a prolonged coagulation time. 
The platelets were only slightly reduced in number (although they may have been func 
tionally abnormal). Consequently, at first the defect was thought to be a decreased pro- 
thrombin concentration. Ten milligrams of vitamin K were administered intravenously 
at eight-hour intervals. A blood transfusion was given three hours after the first dose of 
vitamin K. The transfusion was followed by immediate cessation of bleeding. It is impos 
sible to state the degree to which the vitamin K, on one hand, and the blood transtusion, 
on the other, contributed to the termination of bleeding. 

This patient has returned for observation on two occasions. There has been no 
further bleeding, the weight remained unchanged, but she still has irregular periods of 
diarrhea. Firmness and thickness of the skin of the hands and forearms have persisted. 

The significant laboratory findings are tabulated in Tables I to IV. A fibrinogen level 
of 0.04 Gm. per cent was reported; this value is well below the critical level indicated by 
most authors. Consequently, it seemed probable that fibrinogen deficiency was an important 
factor in the bleeding tendency of this patient. During the acute bleeding episode hema 
turia was noted. Small amounts of free hydrochlorie acid were present in the gastric con 
tents on each admission. Stool analysis and proctoscopy showed no abnormalities. The 
total fat content of dried feces was 22 per cent. The bone marrow showed no significant 
change; erythropoiesis was normoblastic. 

A deficiency in both fibrinogen and prothrombin probably existed simultaneously in 
this patient. Estimation of either substance depends on the presence of the other essentials 
of the clotting mechanism. Spontaneous clot formation did occur in the calcified plasma 
used for fibrinogen determination, and sufficient repetition of analyses by two different 
methods in separate laboratories verified the exceedingly low level of fibrinogen in the blood. 
A comparison of the results obtained by the addition of thrombin and by allowing spon 
taneous coagulation to occur after recalcification of the plasma indicate that a slight dif 
ference is obtained by the two methods on either fibrinopenic or normal blood. Spontaneous 
coagulation was delayed for hours in the most fibrinopenic blood, and the clot formed at 
the lowest fibrinogen levels reported did not possess the physical properties ordinarily ob- 
served in freshly coagulated fibrin. In our experience the most satisfactory method of fibrin 
estimation is the direct determination of nitrogen in the coagulum after it has been collected 
and washed, The addition of calcium to plasma results in a somewhat higher value for fibrin 
as compared to that obtained when thrombin alone is added. This difference, although 
representing only 0.02 to 0.04 Gm, yer cent fibrin, was quite consistently obtained on different 
samples of blood. Since the determination of prothrombin assumes a normal fibrinogen con- 
centration, prothrombin estimation here would be in error. In only a few of the previous 
cases of fibrinopenia reported by other authors has prothrombin been considered, —Allibone 
and Baar3, > reported no clot in their prothrombin estimations and discussed the relationship 
between prothrombin and other coagulation factors. They also pointed out that the routine 


TABLE I. COAGULATION FAcTorS 











«8/8/44 8/18/45 8/22/45 8/24/45 8/24/45 8/27/45 11/9/45 2/11/46 





Fibrinogen!3 0.04* 0.06 0.078* 0.18 0.18 0.24 0.20 


(grams per cent ) 
Coagulation time in min- 70 6 10 
utes (Lee-White) 
Prothrombin time in sec- 
onds!4-. 15 
Patient No clot 3 32 
Normal 25 st 27 26 
Bleeding time in minutes 3% 
(Duke) 
Clot retraction (twenty- Slight Normal 
four hours) 
Platelet count (cubic mil- 220,000 140,000 146,000 205,000 
limeters) 
Rumpel-Leede Positive 
Ascorbie acid 0.16 0.26 


*Blood transfusions were given August 19 and 24. 


151,000 
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estimation of prothrombin assumes a normal fibrinogen. Quick! has stated that the bleeding 
in acute yellow atrophy frequently attributed to low fibrinogen is very likely due to severe 
hypoprothrombinemia. 

Further studies were made in an effort to determine the cause of the fibrinogen and 
prothrombin deficiencies. Liver function was only slightly impaired as judged by the tests 
employed (Table IIL). The changes in liver function which were observed are such as one 
might expect to find in chronic impairment of intestinal absorption. The chronic diarrhea, 
gross evidence of malnutrition, flat oral glucose tolerance curve (as compared to the normal 
intravenous curve, Fig. 1), and low plasma vitamin A and carotene levels are all evidence 
of impaired gastrointestinal absorption. The moderate macrocytic anemia (Table III) and 
x-ray findings of dilated loops of intestine (Fig. 2) are other manifestations compatible with 
the diagnosis of a nutritional deficiency which would necessarily be due to impaired absorp 
tion since the patient had been on an adequate diet. 

The change in intestinal absorption may have been due to a ‘‘ generalized scleroderma’?! 
involving the intestine as well as the skin. However, a skin biopsy showed no abnormality 
other than edema. The patient’s physician recently reported that the skin of the lower legs 
and feet has become markedly thicker during the months after she left the hospital. 

Sprue was considered as a diagnosis. However, at no time did the patient complain 
of glossitis, and free acid was always found in the gastric contents. Nevertheless, the low 
plasma vitamin A and carotene levels and the presence of macrocytosis suggest sprue. 

Intestinal absorption may have been affected by the pancreatic insufficiency as indicated 
by the poor amylase output to intravenous secretin (Table ITV). The lack of therapeutie 
response to oral pancreatin, however, argues against pancreatic function as other than a 


contributory factor to the picture. The findings of fibrinogenopenia in the absence of marked 


TABLE II. STUDIES oF HEPATIC FUNCTION 


8/8/44 8/20/45 8/27/45 11/7/45 2/11/46 
Bromsulphalein (thirty minutes ) Negative _ a 
LV. hippuric acid test (0.7 to 0.95 Gm. 0.3595 (0.3469 0.4539 
Cephalin flocculation Negative 
Total plasma protein (grams per cent) li 3.72 6.03 
Albumin 3.04 3. 3.81 
Globulin 
Ieterus index 


8/8/44 8/17/45 8/21/45 8/27/45 /6/45 2/11/46 
RB.C. (million per cubic millimeter) 3.15 4.0 3.92 4.29 3.67 3.09 
Hemoglobin (grams) 10 13.0 13.0 12.5 12.0 
W.B.C. per eubie millimeter 3,450 6,050 6,250 5,000 4,750 
Macrocytosis Present Present Present 
Hematocrit per cent 45 4] 
Urea nitrogen (milligrams per cent) 14.1 10.3 
Serum caleium 10.5 8.1 
Pyruvie acid (0.55 to 0.95 mg.) ; 0.8 
Carotene (100 to 350 T.U.) 5 0 
Vitamin A (100 to 250 I.U.) 











TABLE IV. PANCREATIC AMYLASE IN PATIENT AND NORMAL ADULT 





‘DUODENAL FLU 





ae NORMAL 
| CONCEN- | RESPONSE 
ie SAMPLE TOTAL | -C./MIN. | TRATION OUTPUT OUTPUT 
3efore secretin* 10 0.5 0 0 30,000 
Ten minutes after 28 2.8 600 16,800 77,000 
Twenty minutes after 5 0.5 690 3,470 16,300 
Thirty 1 inutes after 6 0.6 840 5,050 17,400 
centimer sPonse lle pay orig es as milligrams of maltose liberated per cubic 
R'is tent and for the cmplase etsranations: °°” > Gfeeneard for the secretin used 
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Fig. 1.—Comparison of oral and intravenous glucose 





Mill igrams percent 

















» tolerance curves. 


2.—Persistence of barium in the small bowel and duodenum five hours after ingestion. 
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hepatic insufficiency coupled with impaired intestinal absorption suggests that there may 
be some nutritional factor that is essential for the formation of fibrinogen by the body. 
Treatment has consisted of supplemental and replacement measures. No further bleed 
ing has been reported. 
SUMMARY 

A review of the literature reveals a paucity of reports in which fibrinogeno- 
penia was proved to be an important factor in the production of a severe hemor- 
rhagie state. It is for this reason that this instance is reported in detail. 
Whether the low fibrinogen level was due to the inability of the liver to 
synthesize this protein or to impaired absorption of its precursors from the 
gastrointestinal tract is not known. The evidence points to the latter cause. 
The cause of poor absorption in this case may be sclerosis of the intestinal wall 
similar to the changes recognized as scleroderma in the skin. 
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BIOCHEMICAL STUDIES DURING MALARIAL AND ARTIFICIAL 
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HERE have been numerous inquiries into the metabolic alterations produced 
by fever.’ Recent communications, however, reveal a diversity of 
opinion® !? and a surprising paucity of observations made during the 































actual course of a febrile episode. Despite the current universal interest in : 
malaria and the number of investigations directed at this disease, there are few d 
precise data available regarding variations produced in the chemical constitu- ; 
ents of the blood. F 
We were accidentally led into the study of this subject as the result of an 7 
observation on a patient who developed tetany during the course of an attack 
of recurrent malaria. There was present in this case neither hypocalcemia nor “ 
alkalosis but instead a profound degree of hypophosphatemia (serum inorganic Ti 
phosphorus, 0.9 mg. per cent). Since this depletion of phosphorus was found we 
to be transitory, the serum phosphorus having returned to 3.2 mg. per cent ou 
within twenty-four hours, it was thought that investigation of other patients dri 
with malaria might reveal similar findings. Accordingly, serum phosphorus the 
estimations were made in eighteen additional cases during or within two hours > 
after a chill. None of these showed evidence of tetany. Among these, fourteen J = 
patients exhibited serum phosphorus levels between 1.5 and 3.0 mg. per cent. ad 
In the remaining four the phosphorus level was normal. It was noted, however, add; 
that in those instances in which the serum phosphorus had been normal or at 
the low borderline level (3.0 mg. per cent) blood samples had been procured XVI 
rather early in the chill. the } 
Although hypophosphatemia had beeen described previously in association ‘ari 
with the malarial paroxysm,’ it appeared that no accurate relationship had beer 
established for its time of occurrence or duration. Moreover, there was no con- Seven 
formance in opinions''* regarding the changes effected in other blood con- Pind 
stituents. It was decided, therefore, to carry out a study under controlled = 
circumstances and further to determine if possible the existence of parallel mer 






changes in nonmalarial fever. 






MATERIALS AND METHODS 












The study was carried out on three groups of patients as follows: 
Group A.—Serum phosphorus levels were determined at serial intervals during  sixtet! 
febrile paroxysms in twelve patients with Plasmodium vivax malaria. The time of onset © 
the chill was noted and its relationship to the procurement of the various blood sampi 


established (Table I). 
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SERUN SE | | SERUM 
SERUM PHOS- PHOS- PHOS- | PHOS- | PHOS- | PHOS- 
PHOS- PHORUS PHORUS PHORUS PHORUS | PHORUS | PHORUS 
PHORUS 1 HR. 2 HR. 3HR. | 44HR. | 5 TO 8 HR, | 24 To 72 
AT CHILL AFTER AFTER AFTER AFTER AFTER HR. AFTER 
ONSET CHILL CHILL CHILL CHILL | CHILL §| CHILL 
PATIENT (MG. %) (MG. % ) (MG. %) (MG. %) (MG. %) (MG.%) | (MG. %) 
W.2.5.(3)" -.. 4.1 os 1.3 2 1.6 3.6 
Waa. (ib) * 3.2 2.7 = as = we ae 
a ge 3.2 2.8 3.0 _ rene 4.1 
J. G: B. Ese 2.4 1.2 ae 2.0 3.5 3.9 
Stag — 1.3 2.4 2.8 3.1 one 5 a 
W.S. 2.9 2.2 2.9 3.0 3.4 1.8 3.0 
ed R.G.S. 3.2 deine iy i Shen pie 3.6 
. R. E. S. (a) aU ems Freee 2.5 a 6 oe 
ol R.E.S. (b) oe 2.3 a ie re 2'9 3.0 
he R. W.S. 4.2 et 2.0 —s ee oe 3:7 
. B.D; P. —_— — 3.0 3.2 3.3 3.4 re 
™ A. M. (a) _ ae 1.8 2.4 2.0 o a 
ew A. M. (b) 2.5 — 1.4 1.0 aoe as paar 
T.L. J. (a) a= anes 3.1 2.1 2.1 — 3.0 
W- T.L. J. (b) ane 2.8 2.2 1.6 sak esi pate 
Fou. 3.4 2.3 2.0 1.8 oe — 4.2 
an *(a) and (b) refer to two successive paroxysms in the same patient without therapy. 
c 
ack : oo ‘ : : es 
Group B.—Fifteen patients with benign tertian malaria were selected with a view to 
no! excluding complicating diseases or injuries which might in some way influence observations. 
nic The studies were instituted within a relatively short period after the onset of the chill and 
und were carried out serially until the temperature fell. Therapy or food were withheld through- 
eent out the period of observation, the patients receiving neither antimalarial nor antipyretic 
ents drugs. Water was permitted as desired. Records were kept of the temperature changes and 
rus their relationships to the time of collection. Both clotted and nonclotted samples were ob- 
Oru . : . . ‘ . a ‘ 
: tained. The anticoagulant employed in the latter consisted of sodium fluoride and mercuric 
OUTS x shee ati . . : : . $ 
chloride designed to inhibit glycolysis. Spectrophotometriec analyses of the following sub- 
teell ; : ‘ : 
rteel stances were performed: serum inorganic phosphorus,!4,15 serum ealeium,16 serum mag~- 
cent. nesium,!7 serum potassium,!8, 19 blood sugar,2°, 21 and total blood-reducing substances.22 In 
ever, addition to the afore-mentioned tests, serum protein determinations23 also were carried out. 
or at The results of these analyses are shown in Table II. Two additional patients (Cases 
eured XVI and XVII) were subsequently studied to determine if there was any relationship between 
the hypophosphatemia and the blood creatine and creatinine (Table III). Observations were 
sation carried out under the same conditions as previously outlined. 
1 been Group C.—This group consisted of ten patients subjected to artificial fever therapy. 
0 cor Seven of these with minor eye ailments were treated in a fever cabinet in which the tempera- 
1 cor: ‘ure Was raised to 104° F. (rectal) and maintained for one and one-half hours. The other 
: ‘led three patients with paresis, were treated in a similar apparatus in which body temperature 
“olled pnd g ‘. : ; , : i cides 
ul ile Was raised to 106° F. (rectal) and maintained at this level for four hours. Fasting blood 
‘ iat ° . : . . 
ara ‘samples were obtained before the patients entered the fever cabinet and temperatures were 
‘eeorded continuously by means of a thermocouple thermometer. Blood samples were ob- 
‘amed at intervals during the rise and fall of temperature as in Group B. The seven patients 
with eye disorders received only a liter of water per os during the course of the treatment and 
%0 preliminary medication. They were in a fasting state. The three patients with paresis 
y sixteel iso were in a fasting state, but they were given 200 mg. of ascorbie acid by 
onset © mouth before entering the cabinet and while febrile were permitted a liter of 2 per cent 
samples saline solution.* 





The results in this group are summarized in Table IV. 


es 


*This was the routine at the Norristown State Hospital. 
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TABLE II.—BIOCHEMICAL STUDIES IN PATIENTS With BENIGN TERTIAN MALARIA 


REDUCING 
TIME* TEMPER- SERUM SERUM SERUM SERUM rOTAL BLOOD SUB- 
(HR.: ATURE PO, Ca Mg K PROTEIN GLUCOSE STANCEf 
MIN.) (°-:) (MG. %) (MG. %) (MG. %) (MG.%) (%) (MG. %) (MG. %) 
— 9:20 101 10.8 156 
2:00 102 10.8 72 
3:00 101 11.1 
6:00 101 11.0 
7:00 100.4 11.0 
8:00 99.6 11.0 
12:00 98 11.1 

10.6 


10.6 
10.6 
10.8 
10.9 
10.8 
10.8 
11.0 
1.1 
13.1 
13.1 
11.3 
113.1 
11.1 
10.6 
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216 
156 
152 
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ee oe OR 


1:20 101 
2:00 104.4 
2:30 104.6 
3:30 105.2 
4:15 103.2 
6:00 102.5 
8:15 100.6 
9:00 98.8 
:10 101.6 
-40 103.8 
:10 104.6 
-40 106.4 
9 -2() 106.4 
3:00 105.8 
5:50 104.8 
8:00 102.0 
9:00 101.0 
:20 100.0 
8:00 98.2 
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:00 105.2 
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100.0 
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TABLE II—CONT’D 
REDUCING 
TIME* TEMPER- SERUM SERUM SERUM SERUM ‘TOTAL BLOOD SUB- 
(JIR.: ATURE PO, ea Mg K PROTEIN GLUCOSE STANCEt 
MIN. ) (oR (MG.%) (MG.%) (MG. %) (MG.%) (%) (MG.%) (MG. &% 

~ 0:20 99.6 10.9 x 130 12 
:30 103.0 11.2 oO és 126 1] 
2230 104.0 10 2.0 é 170 6 
3:30 103.6 in 3. 152 3 
4:30 102.0 }].1 2. 134 4 
230 101.4 13.3 2. : 156 7 
»200 99.4 Li Pe oS 8 oo 10 
10- 99.0 9.3 i,8 98 
:00 102.6 10.3 _ h is 110 
200 105.6 9.7 : 2 138 
8:00 105.6 10.5 5 142 
4:00 105.2 10.4 iz 158 
1:30 97.6 105 e hs 179 
230 97.6 10.6 — jf 184 
200 103.0 10.1 ae 1.8 132 
Lid 105.0 10.3 8 { Ve 136 
740 104.6 10.3 3.6 Sod 146 
2:40 105.0 10.3 Zee i 5.! 146 
3:00 104.0 10.3 B 0.8 144 
Ay 103.2 10.5 2.¢ 3.8 149 
:30 101.4 10.5 oS ‘ . 140 
5 fe 99.6 10.3 Jo 96 2 124 
0:30 98.0 10.3 “ 3 2 113 
710 97.0 ta 3D. 2 118 
245 104.2 10.9 2. 2° 139 
:30 103.0 10:7 3.§ 160 
2315 102.0 10.8 ap 22 141 
205 101.0 11.2 Ae 130 
:30 100.0 11.2 4. 8 36 
245 99.0 11.0 oe 138 
745 98.0 Tt 2.1 120 
:50 99.6 10.6 — 3, ” 5 152 
200 103.4 10.7 re D. 130 
:00 103.0 10.7 146 
245 102.4 10.8 6 5. 176 
750 99.4 10.8 6 5.6 196 
315 98.2 10.8 126 
230 101.8 10.5 168 
:00 104.0 10.5 190 
:00 104.6 10.7 170 
:00 105.2 10.4 170 
:00 100.2 ra 220 
:00 98.2 10.5 220 
720 104.4 9.8 140 
730 105.2 10.8 5. 220 
:40 104.6 10.6 250 
730 103.8 10.9 226 
245 103.2 10.9 196 
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TABLE IIT. BLoop CREATINE AND CREATININE STUDIES DURING MALARIAL PAROXYSMS 








TEM PERA- SERUM BLOOD BLOOD BLOOD SERUM 
TIME* TURE PO, GLUCOSE CREATININE CREATINE PROTEIN 

( HR. : MIN.) (* £.) (MG. %) (MG. %) (MG. %) (MG. %) 

0:10 99 106 1.5 5.7 

0:30 103.8 106 
0:45 105.6 126 
1:30 105.0 154 
2:30 105.3 148 
740 105.0 154 
2:40 104.3 154 
5:40 102.3 154 
240 99.8 154 
3:00 97.0 
XVII 10 ~=©~—— 99 
:50 103.6 
:20 104.6 
:50 104 7 
5:50 103 9 
7:20 102.2 2.9 
9:30 104.0 3.0 
12:00 101.2 3.6 
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TABLE IV. BIOCHEMICAL STUDIES IN PATIENTS WITH ARTIFICIALLY INDUCED FEVER 
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TABLE IV—CoNT’p 

















REDUCING 
TIME* TEMPER- SERUM SERUM SERUM SERUM TOTAL BLOOD SUB- 

ATURE PO, Ca Mg K PROTEIN GLUCOSE STANCEt 

(" ®) (MG.%) (MG.%) (MG.%) (MG.%) (%) (MG.%) (MG. %) 

98.6 “ 10.4 2. 18 81 15 
102.0 0 10.1 2. 20 148 
104.4 3. 10.1 8 22 130 
104.7 Set 10.7 3.8 19 138 
102.2 ; 10.7 of 19 146 
98.0 3.6 10.5 8 19 154 
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.,, 'lotal reducing substance in the blood other than glucose; results expressed in terms of 
milligrams per cent of glucose. 
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RESULTS 


Group A.—In fifteen of the sixteen paroxysms studied in this group the 
serum phosphorus level fell below the limit of normal (3.0 mg. per cent). The 
average minimum level attained was 1.9 mg. per cent with a range from 1.0 
to 2.9 mg. per cent. The reduction in serum phosphorus was found to be pro- 
gressive and minimum levels were not reached until some time after the inception 
of the rigor (Table I). 

Group B—As shown in Tables II and III, hypophosphatemia occurred in 
all seventeen of these patients. The average minimum level reached was 1.6 mg. 
per cent with a range from 0.8 to 2.7 mg. per cent. Among fourteen cases in 
which phosphorus levels were analyzed very early in the chill before a significant 
fall had occurred, the total diminution in this mineral averaged 51 per cent 
of the original level (range 19 to 71 per cent). 

As surmised, it was found that the development of hypophosphatemia was 
progressive, commencing at the time of the temperature rise with the minimum 
level occurring after about three or four hours. Here, however, the range was 
wide (two to twelve hours). If the fever and serum phosphorus levels were 
plotted graphically (Figs. 1A and 1B), however, it was apparent that there was 
an inverse relationship between the two, the latter attaining its lowest level 
at about the time of the fever peak. Thereafter, however, the hypophosphatemia 
disappeared fairly rapidly despite a continued elevation or even a secondary 
rise in temperature. Normal blood levels were restored before the fever had 
wholly subsided. 

Of the other blood constituents studied only glucose exhibited a consistent 
relationship to the changes previously noted. Since the metabolic insult of the 
parasitemia preceded the inception of rigor, none of the patients could be con- 
sidered to be in a basal state. It was not possible, therefore, to establish a 
basal take-off point in this group. Nevertheless, all of the patients exhibited an 
elevation of blood glucose as the febrile episode proceeded. There was an ob- 
vious tendency for the glucose level to rise parallel with the fever, but this rise 
continued for a number of hours after the pyrexia had arrived at its peak and 
had begun to subside (Figs. 1A and 1B). The maximum blood sugar levels at- 
tained averaged 184 mg. per cent with a range of 138 to 250 mg. per cent. 
Seven cases showed values exceeding the average. From twelve of these patients 
urine samples were procured during and after the paroxysm, and despite the 
fact that in seven of them the usual renal threshold level of 180 mg. per cent 
was exceeded no glycosuria was detected. 

In ten of the eases fractionation of blood-reducing substance was carried 
out. Some variation of the nonglucose fraction occurred but was inadeqaute 
in amount to account for the rise in total reducing substance. It was apparent, 
therefore, that the blood sugar rise observed was almost wholly the result of 
inerease in glucose. 

Despite the very significant variation in the concentration of serum phos- 
phorus, the calcium levels remained relatively unchanged throughout! the 
paroxysm. At times mild hypocaleemia was noted in the earlier cases sub- 
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jected to preliminary studies, but in none of the rigidly selected individuals was 
this noted. The variation in values from the inception to the termination of the 
episodes was a fraction of a milligram. 

Serum potassium evaluations were carried out in eleven instances. Al- 
though variation did appear the values generally remained within the limits of 
normal (18 to 22 mg. per cent). In two eases a potassium rise to 30 and 32 mg. 
per cent, respectively, occurred during the period of temperature fall, but this 
phenomenon was not observed in the remaining nine patients. 

The value of serum magnesium was determined serially in eleven patients. 
As with the serum potassium, such variations as were observed were usually con- 
fined within the limits of normal (1 to 3 mg. per cent). In some instances nor- 
mal values were exceeded but there was no consistent relationship to the fever 
or other metabolites. 

In ten eases total protein estimations were made. In two of these patients 
the protein remained unchanged. In the remaining eight an average fall of 
0.8 Gm. occurred during the paroxysm (0.4 to 1.5 Gm.). In most instances a 
rising trend or a return to pre-existing values had appeared at the termination 
of the study. 

In two eases blood creatine and creatinine determinations were performed. 
With the latter the greatest change was 0.3 mg. per cent, while with the former 
there was a reduction of 1 mg. at some time during the temperature rise. This 
alteration of about 17 per cent was transitory and values of blood creatine re- 
mained within the limits of normal (Table IIT). 

Group C.—The chemical studies carried out in this group were identical 
with those in Group B. The results, likewise, were somewhat similar. Among 
these patients the serum phosphorus levels exhibited a progressive fall as the 
fever curve rose (Figs. 2A and 2B), although the degree of change was not quite 
as great. The minimum phosphorus levels ranged from 0.7 to 3.3 mg. per cent, 
the average being 2.3 mg. per cent. The average fall from the pretreatment 
level was 41 per cent and the range from 9 to 67 per cent. It appeared that 
the minimal level was reached somewhat more rapidly than in those eases with 
malarial pyrexia (Figs. 2A and 2B), the average time being two or three hours 
after the induction of fever. However, the return to within normal phosphorus 
limits was more rapid than in the patients with malarial fever. Despite the 
greater rapidity of phosphorus fall in this group, the rate of temperature rise 
was greater so that minimum phosphorus levels occurred with a lag of one or 
two hours after the temperature had reached its peak. 

Although these patients were all in a fasting state at the onset of the fever 
therapy, many showed an elevated blood sugar in the initial pretreatment sample. 
This may have been on a psychomotor basis as many of the patients manifested 
apprehension on entering the fever cabinet. One patient with a fasting blood 
sugar level of 175 mg. per cent showed a subsequent rise to 294 mg. per cent 
When the body temperature was elevated. Later investigation revealed that this 

patient suffered from a previously unsuspected diabetes mellitus. Of the re- 
maining nine patients all but one showed a hyperglycemia similar to that ob- 
served with malarial fever, the rise in blood sugar roughly approximating 
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the slope of the fever curve. As in the malarial group, the rise continued and 
the elevation persisted for a considerable period after the temperature had re- 
turned to normal. 

Exclusive of the patient with diabetes (Case IV) and the patient showing no 
change in blood sugar (Case III), the range of maximum levels attained was 
134 to 205 mg. per cent and the average was 165 mg. per cent. Four individuals 
from whom urine samples were obtained exhibited no glycosuria. In two of 
these the blood sugar level had exceeded 180 mg. per cent. 

The blood from five of these patients was analyzed for nonglucose-reducing 
substance and, as noted previously, such variation as occurred was inadequate to 
account for the rise in total reducing substance. The latter therefore consisted 
in the main of glucose. 

Alterations in serum caleium and serum magnesium were of the order 
previously noted in the malarial studies. The amount and kind of variation was 
such as to preclude importance in the metabolic processes involved. Although 
one patient with paresis (Case X) showed a persistent elevation of serum potas- 
sium throughout the entire study, the fluctuation in the amount of this element 
in the other cases was considered insignificant. The total serum protein estima- 
tions, likewise, were of little moment. In one case there was no change, in four 
eases an increase of 0.4 to 0.6 Gm. per cent was noted, and in two eases there 
was a fall of 0.4 to 0.6 Gm. per cent. 


DISCUSSION 
A reduction in serum inorganic phosphorus was observed initially in a group 
of patients with malaria, The phenomenon subsequently was shown to begin 
toward the end of a chill when the rise in temperature was initiated and to de- 
eline to the minimum point when the fever had attained its peak. Thereafter, 
the phosphorus values returned rapidly to normal limits often without the 
reciprocal relationship to the temperature curve originally shown. The occur- 
rence of hypophosphatemia in association with the malarial paroxysm had been 
noted earlier by Payne.’ A similar reduction in phosphorus observed by us in 
a series of patients receiving artificial fever therapy paralleled those recorded 
previously by other investigators.*: *: 1°: ?* °° 
In seeking an explanation for the hypophosphatemia, blood glucose de- 
terminations were made at comparable periods. From these studies it became 
apparent that the fall in serum phosphorus was attended by a rise in glucose 
in a manner which suggested an inverse relationship between the two. It ap- 
peared on the basis of chronological observations that the blood sugar rise o¢- 
curred fairly promptly in the episode, often manifested in the initial samples 
procured. Return to normal values was prolonged as compared to the serum 
phosphorus. In many instances initial sugar values had not been re-established 
when the temperature reached normal. Similar observations were made during 
the induced febrile state. In many instances a secondary rise in temperature 
was attended by a further elevation in the blood sugar. However, there was 0! 
concomitant secondary reduction in serum phosphorus, the latter continuing 
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to approach the original normal levels without deviation. We have no explana- 
tion to offer for this paradox. 

It was thought that the hyperglycemia thus produced resulted from an aec- 
celeration of metabolism® ** *° and the simultaneously increased muscular tonus.® 
It was suspected that the hypophosphatemia was linked with increased glucose 
utilization, a possibility further sustained by the reduction of serum phosphorus 
observed following the ingestion of glucose and/or the administration of in- 
sulin.?7-31 


It was postulated that the period characterized by the hypophosphatemia 
was associated with the process of phosphorylation. Glyeogenolysis and glyco- 
genesis occurring in the course of the febrile paroxysm probably were accom- 
panied by the formation of hexosephosphate and the deposition of the latter 
in the blood and tissues.** The transient linkage of phosphorus with the earho- 
hydrate component presumably resulted in hypophosphatemia. At the conclu- 
sion of the episode, the dissociation of hexosephosphate permitted the mobiliza- 
tion of phosphorus, the replenishing of inorganie phosphorus, and the con- 
comitant rise of serum phosphorus to its prefebrile level. The hexose, it would 
seem, was reconverted thereafter to glycogen and deposited in the tissues or was 
decomposed further and exereted. 

Some substantiation of this thesis is found in the report of Cori and Cori** 
who noted an inereased amount of hexosephosphate in muscle during muscular 
activity and a disappearance of this compound when activity ceased. Of parallel 
interest was the recorded fall of blood sugar in diabetics following the parenteral 
administration of sodium phosphate.*4 

On the other hand, Payne® attributed the fall in serum phosphorus during 
induced malarial episodes primarily to the formation of phosphocreatine. This 
report was encountered after much of the present study was completed, but we 
were able to carry out similar estimations of creatine and creatinine values in 
two cases during spontaneous malarial chills (Table III). Blood samples were 
collected in these cases at frequent intervals after the onset of the chills, through- 
out the febrile course, and until the patients had become afebrile. We were 
unable to confirm Payne’s observations of significant elevations in blood creatine 
at the time of the temperature rise. It is interesting that he had been unable to 
demonstrate any hyperglycemia during or following the paroxysm. 

Although such urine phosphorus examinations as were earried out in our 
studies were crude, there is ample evidence in the literature attesting to the 
fact that loss of phosphorus does not occur through this medium during the 
febrile paroxysm.* * ° Bischoff and associates ° attributed the hypophosphatemia 
and concomitant hyperglycemia encountered in experimental hyperthermia 
to the conversion of inorganic phosphorus to the organic state. Daly and Knud- 
son,** however, were disinclined to accept this explanation since they noted 
liminution of both organic and inorganic phosphorus. 

The hyperglycemia in artificial fever was considered by Hench and 
Slocumh*> to be due to hemoconeentration. This thesis obviously is not correct 
in view of the concomitant hypophosphatemia and hyperglycemia and the evi- 





522 GALL AND STEINBERG 


dence of mild hemodilution shown by the diminished total protein values (Tables 
Il to IV). Petersen"! observed a diminution of blood sugar during the period 
of temperature rise in malaria with an elevation after the temperature had 
fallen. This discrepancy remains unexplained since it occurred in not a single 
one of the cases we observed. Kirstein and Bromberg’? collected blood samples 
before induction and after subsidence of artificial fever. They studied no 
samples during the febrile period but recorded both increased glucose and dimin- 
ished phosphorus after the hyperthermia. These authors considered the ele- 
vated sugar as evidence of increased glucose utilization by the tissues and also 
as basis for the serum phosphorus depletion. It seems reasonable to assume that 
results of a higher order of magnitude would have been obtained by Kirstein 
and Bromberg had they procured samples during the period of actual pyrexia. 

Fenn,*° reviewing the literature on potassium metabolism, remarked on 
the diminution of vascular tonus concomitant with a progressive loss of potas- 
sium and a rise in sodium during muscular activity. In our own studies of 
the serum potassium it did not appear that the level of this substance reflected 
the increased muscular activity during the rigor. For the most part the serum 
potassium varied only within normal limits. A few of the patients with 
malaria (Table II), as previously noted, showed an abrupt rise during the 
subsidence of the fever. One patient with paresis exhibited an inordinately 
high potassium level before fever was induced; this was not modified by the 
hyperpyrexia. None of these observations lend themselves to satisfactory ex- 
planation. A gradual elevation of serum potassium in malaria was reported by 
Zwemer and co-workers** and Stevenson,** the peak of rise being attained at 
the onset of the chill with a subsequent return to normal thereafter. Honaga' 
observed an increase of potassium in the blood at the height of the fever in sev- 
eral pathologic states with a return to normal during convalescence. On the 
basis of our own observations it did not appear that conclusions regarding the 
role of this electrolyte in fever were warranted. 

The inverse relationship of serum magnesium to calcium and phosphorus 
and its action on the neuromuscular system®*-* led to investigation of its varia- 
tions in the febrile state. In both the spontaneous and induced fevers such 


variations as appeared, exhibited no consistent pattern. Peters and Van Slyke* 
have recognized this variability but were unable to offer an explanation for it. 
It is possible, as they suggested, that the methods for analysis used were sut- 
ficiently crude to permit such inconsistency. The magnesium values as we have 
observed them appear unrelated to the changes noted in other metabolites. For 
the most part their ranges were within normal limits. 


Utilizing the amount of the total protein as an index of hydremia, it ap- 
peared that there was indeed some hemodilution of minor degree during the 
malarial paroxysm since the values of this substance fell rather uniformly at 
the febrile fastigium and rose again when the fever had subsided. Similar 
changes, however, were not noted in the patients with artificial fever. Certainly, 
there was no indication that the hyperglycemia noted was attributable to |emo- 
concentration as suggested by Simpson** and Hench and Slocumb.** 
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Studies upon other constituents of the blood revealed only incidental in- 
formation. Determinations of the nonglucose-reducing substances concomitantly 


with the total blood-reducing substances showed that the rise in the latter was 
indeed the result of glucose per se and not one of the other associated compounds 
(ascorbic acid, eysteine, glutathione, urie acid). There was a remarkable con- 
stancy of serum calcium values which remained almost wholly unchanged 
throughout che febrile episode. 

Studies with the cephalin-cholesterol floceulation*t and thymol turbidity* 
tests were carried out simultaneously with those previously recorded. As had 
been noted previously,**** the former were often positive in malaria. We ob- 
tained negative results in the artificial fever group. It is of interest to record 
that .nany of the patients with malaria showed positive flocculation and turbid- 
ity tests before and during the paroxysm. Others, however, showed a positive 
eephalin flocculation during the febrile period, the tests becoming negative 
when the temperature became normal. In these cases the thymol turbidity tests 
were negative throughout. The results of this phase of the study will be reported 
in detail subsequently in conjunction with a larger series of eases of miscel- 
laneous nature.*® 

SUMMARY 

1. Preliminary studies on patients with malarial fever (eighteen cases) 
revealed the development of transient hypophosphatemia during the febrile 
paroxysm. 

2. Serum inorganic phosphorus, calcium, magnesium, potassium, serum 
protein, blood glucose, and nonglucose-reducing substance were determined at 
various intervals during the febrile episodes in patients with benign tertian 
malaria (seventeen cases). 

3. Similar studies were carried out on patients with artificial fever therapy 
(ten cases). 

4. There was a marked fall in serum phosphorus attended by a significant 
rise of the blood glucose in all patients with malaria and in the majority of 
fever therapy cases so studied. 

). It was believed that the formation and deposition of hexosephosphate 
in the tissues was the basis for the hypophosphatemia. 

6. Hyperglycemia appeared early in fever and was subsequently followed 
by diminution in inorganie serum phosphorus. 

7. No significant alterations were observed in the serum calcium, potassium, 
Magnesium, creatine, or creatinine. 

8. The serum protein showed a slight fall during the malarial fever but 
remained unchanged in artificial fever. 
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Forge General Hospital, and Dr. Arthur P. Noyes, Dr. Herbert Herskowitz, and Dr. Mortimer 
Raymon of the Norristown State Hospital. 
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NORMAL SEDIMENTATION RATES IN ACTIVE 
PULMONARY TUBERCULOSIS 


A StuDy or 1,066 Cases IN A NAVAL TUBERCULOSIS CENTER 


THEODORE H. NOEHREN, M.D. 
RocuHester, N. Y. 


RYTHROCYTE sedimentation tests long have been of value in determin- 

ing the activity of tuberculous lesions. Like many diagnostic aids, how- 

ever, the test has been abused and misinterpretations occasionally have caused 

loss of faith’ in a worth-while procedure. Recent experience in a large naval 

tuberculosis center (Sampson Naval Hospital) has provided opportunity to ob- 

serve the use and abuse of sedimentation rates for the diagnosis and evaluation 
of pulmonary tuberculosis. 

Patients admitted to this center offered an unusually good clinical history 
of the infection. Each man in the Navy carries with him a so-called health 
record in which is entered full reports of any medical attention tendered him 
while in service. Thus, each patient brought with him a fairly complete medical 
history containing reports of previous medical studies, x-rays, and laboratory 
procedures. 

In a rather alarming number it was seen that men with active lesions had 
been under observation at a recent date because of their pulmonary infiltration. 
Studies during the previous admissions resulted in the diagnosis of inactive 
disease with consequent ‘‘back to duty’’ discharge. The men often returned 
later, however, with more advanced lesions. A study of such records indicates 
the continuation of a fairly widespread belief that active tuberculosis always will 
be reflected by an increased sedimentation rate.*~° 

On the basis of the foregoing considerations, a study was made of 1,066 pa- 
tients with active pulmonary disease admitted to the Sampson Naval Hospital 
between January, 1945, and March, 1946. They were all essentially new patients 
never having been treated previously for tuberculosis except at the activity 
which forewarded them to the tuberculosis center. In some instances bed rest 
of varying degrees and duration had preceded their admission, but this did not 
prevent their inclusion in the study if other findings indicated currently active 
pulmonary tuberculosis. 

The sedimentation rate of each patient was determined within the first few 
days after admisssion by the Cutler procedure.® Normal limits of sedimenta- 
tion in one hour by this method are 2 to 8 mm. for men and 2 to 10 mm. for 
women. No correction is necessary for hematocrit values.*: 78 The Cutler 
method has been found to compare favorably with other sedimentation pro- 


7, 10 


cedures.‘ 


This article has been released for publication by the Division of Publications of the Bu- 
. reau of Medicine and Surgery of the United States Navy. The opinions and views set forth ar 
those of the writer and are not to be construed as reflecting the policies of the Navy Depart 
ment. 
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From the group of 1,066 cases, patients were selected in whom the diagnosis 
of active pulmonary tuberculosis was relatively certain. The criteria for this 
diagnosis were as follows: (1) an active pulmonary lesion by x-ray examination ; 
(2) the presence of tubercle bacilli on three separate occasions in the sputum 
and/or gastrie washings by smear and/or culture; and (3) no evidence of 
pleural fluid, pneumothorax, thoracoplasty, and no tuberculosis or other disease 
elsewhere in the body. 

There were 300 cases meeting these qualifications. Of these, 61 (or 20.3 per 
cent) had sedimentation rates within the normal range (Table T). 


TABLE I 


“NUMBER OF CASES WITH PER CENT OF CASES: 
NUMBER OF NORMAL SEDIMENTA- WITH NORMAL SEDI- 
GROUPS CASES TION RATE MENTATION RATE 
: I 200 > 20.3 
(a) and (b) 
TI 240 
(a) and (c) 
I and II 540 
i 80 


(a) and (d) 


lit, and Tf! 620 36.9 


(a) Active pulmonary lesion by x-ray examination with no evidence of tuberculosis or 
other disease elsewhere in the body. 


(b) Tubercle bacilli in the sputum and/or gastric washings by smear and/or culture on 
three occasions. 


(c) Tubercle bacilli in the sputum and/or gastric washings by smear and/or culture on 
one or two occasions. 


(d) No positive bacteriologic findings but definite cavitation by x-ray examination. 


A second group was then selected in which all the previously mentioned 


eriteria were fulfilled, except that a positive smear and/or culture of sputum 


and/or gastri¢ washings was found on only one or two occasions. There were 
240 cases meeting these qualifications, making a total, with the first group, of 540 
cases. Of these, 187 (or 34.6 per cent) had sedimentation rates within the 
normal range. 

Finally, a group of cases was added in which all these criteria were fulfilled, 
except that no positive bacteriologie findings were recorded. Instead, these 
patients had definite cavitation as determined by the roentgenologist, mostly on 
stereoscopic examinations. Cases in which cavitation was only suspected were 
not included. 

The final group of 80, when added to the first two groups, made a total of 
620 cases. Of all these, 229 (or 36.9 per cent) had sedimentation rates within 
the normal range. 

The remaining 446 cases were complicated by pleural effusion, pneumothorax, 
questionable x-ray shadows, or lack of positive bacteriology. No unchallenged 
conclusions could be drawn from sedimentation ra‘cs in this group. 

DISCUSSION 

The ineidence of normal sedimentation rates in active pulmonary tubereu- 
sis in this series is strikingly large and might be difficult to aceept if other 
‘xaminers had not reported comparable results. 

















528 NOEHREN 






Thiele” has found that 25 per cent of open tuberculosis, 85 per cent of the cir- 
rhotie type, 68.3 per cent of the cirrhotic-productive type, 42.3 per cent of the 
productive type, and 47 per cent of the cavernous type of tuberculosis have nor- 
mal sedimentation rates. Leitner’? reported normal values in 32.1 per cent, 
Pinner’ in 40 per cent, and Bobrowitz!* 45 per cent normal sedimentation rates 
in minimal active eases. Overholt and Wilson’® state categorically that ‘‘the 
vast majority of early lesions reflect no change in sedimentation rates.’’ 

Berg’® has reported eighteen cases, Banyai and Caldwell’? one hundred 
and eleven, Tillisech'® nineteen, and Breuhaus!® seven instances of normal 
sedimentation rates with active disease, the last in the face of advancing cavita- 
tion. Banyai and Anderson’ stated that 7.35 per eent of cases with active 
tuberculosis had normal sedimentation rates, Sopp*? that 6.6 per cent of dis- 
pensary patients, and Rest? that nearly one-quarter of demonstrable cases gave 
similar readings over a long period of time. 

Pessar and Hurst? reported that 18 per cent of men and 12 per cent of 
women with active tuberculosis gave lower than expected values. De Cecio 
and Elwood® found that in 224 patients admitted to the center with normal sedi- 
mentation rates, 61 per cent had active disease. 

Several factors might be considered to explain the relatively high propor- 
tion of normal sedimentation rates in patients at the tuberculosis center. Many 
of these men were found to have roentgenologie evidence of tubereulosis on 
routine discharge examination and therefore were hospitalized with few or no 
symptoms of the disease. Also, the short previous hospitalization (average 
estimated at seven weeks) before admission to the Sampson Naval Hospital may 
have allowed the secondary inflammatory reactions to subside. Some observers 
believe that secondary reactions are chiefly responsible for the elevation of the 
sedimentation rate. 

It seems logical to postulate that, as tuberculosis case-finding programs are 
expanded and more patients are found before the onset of secondary reactions 
with symptoms, normal sedimentation rates may also be found more frequently. 

A study of active cases at the center according to the degree of anatomic 
involvement (by National Tuberculosis Association standards,‘ is interesting. 
In the first group of 300 relatively certain cases of active pulmonary disease, 
20.9 per cent were classified as minimal, 55 per cent moderately advanced, and 
24.1 per cent far advanced. Of the cases with normal sedimentation rates 
in that group, 44.4 per cent were minimal, 48.2 per cent moderately ad- 
vaneed, and 7.4 per cent far advanced. In this last 7.4 per cent was in- 
cluded one patient with advancing miliary disease who had a repeatedly normal 
sedimentation rate. 

In these three classifications the anatomic involvement was roughly paral- 
leled by the sedimentation rates, as has been found by others including Levinson” 
and Wrenn.2° The average values of the 300 ‘‘relatively certain’’ cases are 
plotted according to their classification in Fig. 1. It is obvious, however, from 
the large proportion of normal sedimentation values in all three groups, that 
this parallel is not of accurate diagnostie value. 
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The laboratory procedures in this study were done at the Sampson Naval 
Hospital by Navy-trained technicians. The demobilization program with its re- 
sultant personnel changes was in effect during part of this study. Thus, these 
results must be considered an evaluation of the sedimentation rates in tuber- 
eulosis primarily as found in this hospital. 

A few of the bacteriologic studies on these cases have been included from 
other naval laboratories. Re-evaluation of percentages, excluding studies done 


elsewhere, gives no essential change in the results. 
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Fig. 1.—Sedimentation rates of 300 “relatively certain’’ cases of pulmonary tuberculosis averaged 
according to anatomic involvement. 


CONCLUSION 





Tuberculosis per se does not always cause an elevated sedimentation rate, 
according to the conditions and procedure of this study. However, it cannot 
be denied that the test continues to be of distinct value in analyzing infectious 
processes, and tuberculosis is an infectious process. The sedimentation rate can 
continue to be extremely valuable on that basis, but on that basis only. 

Kxeept for the pathology and bacteriology of tuberculosis, our entire ap- 
proach to the disease is indirect. The treatment is indirect and not specific. 
Diagnosis of the infection is also largely indirect. X-rays, after all, are only 
shadows which frequently can be misleading and often are misinterpreted and 
of value to a large extent from a comparative standpoint. We merely use them 
with these reservations as clearly in mind as possible. 

The same can be said for the sedimentation test. It can, and continues to 
be, of help in tuberculosis until something specific, analogous to agglutination 
tests for other diseases, ean be found. Until that time it must be used saga- 
ciously, with all its limitations in mind. 
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It has been said* of the sedimentation test that it will not make a good 
physician from a poor one, but it will make a good one better. In tuberculosis, 
the physician, not the test, must make the diagnosis and determine the status 
of its pathology. 

SUMMARY 

1. A study of sedimentation rates in 1,066 cases of active pulmonary 
tuberculosis is presented. 

2. Normal sedimentation rates were found in 20.8, 34.6, or 36.9 per cent of 
active cases, depending upon the criteria used to determine activity of the dis- 
ease. This is in agreement with reports from other sourees. 

3. The sedimentation curve varies roughly, but not uniformly, according to 
the degree of anatomic involvement by the disease. 

4. Tuberculosis per se does not always cause an elevated sedimentation 
rate. The test. however, continues to be of value in this disease if used with 


eareful regard for its limitations. 
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HE experimental observations of Wakin and = associates’ indicate that 





dicumarol* in large doses may have a toxic action on certain animals prior 

































to the onset of hypoprothrombinemia. Several studies have shown that hypo 
prothrombinemia resulting from dicumarol requires a latent period of approxi- 
mately twenty-four hours.2* Some dogs given very large doses of this drug 
beeome dyspneic, have convulsions, and are comatose preceding death. No 
hemorrhagic manifestations occurred during life nor were hemorrhages found 
at autopsy in these dogs.° Dogs given intravenously 40 to 60 mg. of dicumarol 
per kilogram of body weight usually died within an hour without showing any 
changes in either the prothrombin or the coagulation times.' 

Richards and Cortell® in 1942 observed that guinea pigs depleted of vita 
min C succumb earlier to the effects of dicumarol. They said that ‘‘a connec- 
tion between vitamin C level and sensitivity to dicumarol must be considered 
possible.’’ Persons dying from infections may have a low vitamin A content 
in the liver.*~* 
in vitamin A deficiency is not well understood. Susceptibility may not be di- 
rectly related to the deficiency, since some individuals show a normal amount 


Apparently the mechanism of lowered resistance to infection 


of vitamin A in the presence of disease. Bessey and Wolback?® have ealled 
attention to the fact that *‘during a prolonged deficiency, the reserve (of vita- 
min A) is gradually depleted, normal cell functions are suspended, and patho 
logie change develops.’’ 

During recent studies on malaria in ducks it was observed that normal 
ducklings frequently died within three or four hours following the oral admin- 
istration of large doses of dicumarol. There was observed also a variation in 
the time of death following the oral administration of dicumarol in ducks fed 
a vitamin A deficient ration when compared with birds fed a standard com- 
mereial ration. These experimental observations are reported at this time. 


METHODS AND MATERIAL 


Ducks used in these studies were white Pekins obtained when 1 day of age from a 
commercial hatchery. They were kept in small batteries and given food and water ad lib. 
The standard ration was duck Startena and duck Growena. The composition of the low 


vitamin A ration and the standard rations sre as follows: 
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3,3’METHYLENEBIS AND VITAMIN A DEFICIENT DUCKS 033 


LOW VITAMIN A DUCK RATION 


Mineralized salt 0.25 
Puriflave (250) 1.00 
Culecium carbonate 2.00 
Soybean oil meal 18.00 
Wheat germ 5.00 
Fish meal (60%) 6.00 
Meat scraps 4.00 
3rewers’ yeast 5.00 
Ground wheat 19.65 
White corn 29.00 
Ground oats 5.00 
Molasses 5.00 
Dry D (2,000 D) 0.1 


Vitamin mixture (milligram per 100 Gm. ration) 


Thiamin 0.5 
Riboflavin 0.5 
Choline 200.0 
Folie acid 0.5 
Niaein 5.0 


Ration I prepared Jan. 2, 1946; II, Jan. 28, 1946; and ITI, March ] 


), 1946. 
The following data are all that are available on the two commercial rations: 


DUCK STARTENA RATION 


Crude protein not less than 20.0% 
Crude fat not less than 3.5% 
Crude fiber not more than 6.5% 
Nitrogen-free extract not less than 44.0% 


Ingredients: Corn meal, ground oats, wheat bran, alfalfa leaf meal, meat serap, fish 
meal, soybean oil meal, liver meal, corn gluten meal, wheat standard middlings, wheat germ, 
riboflavin supplement, vitamin A and D feeding oils, D activated animal sterol, 2% ealeium 
carbonate (limestone), .25% iodized salt, .01% manganese sulfate. 


DUCK GROWENA RATION 


Crude protein not less than 18.0% 
Crude fat not less than 3.9% 
Crude fiber not more than 6.0% 
Nitrogen-free extract not less than 48.0% 


Ingredients: Meat scrap, soybean oil meal, corn gluten meal, fish meal, liver meal, 

ground oats, corn meal, wheat bran, wheat gray middlings, wheat germ, riboflavin supple- 
ment, vitamin A feeding oil, D activated animal sterol, 2% calcium carbonate (limestone), 
25% iodized salt, .01% manganese sulfate. 
Vitamin A (alphalin*) was used to supplement these rations. The contents of one 
capsule (25,000 units) was dropped into the mouth the younger birds and the entire cap 
sule was given by mouth to ducks over 10 days of age. The vitamin A was given at inter 
vals of one to three days during the time of the experiment. 

lueks were selected from the groups at different intervals and their liver was removed 
immediately following decapitation. The tissue was kept frozen until the vitamin A con 
tent was determined by the antimony trichloride reaction.t 

The dicumarol was given by mouth. The quantity varied; in each experiment, however, 
a group of ducks from one hatching was used and an equal-sized dose of dicumarol was 
given to each bird. The amount is recorded in each experiment. 

The ducks were carefully observed during the time of the experiment for the appear- 
ance of clinical manifestations. The number that died and the time of death were recorded. 
The ay. age weight of the ducks used in each experiment is given in Table I. 


os Lilly’s preparation of vitamin A. 


These tests were made by Dr. Homer Patrick of the Ralston Purina Mills, St. Louis, Mo. 
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TABLE I. LETHAL EFFECT OF DICUMAROL ON VITAMIN A DEFICIENT DUCKS 


NUM- AVER- ni 
BER AGE { h 
OF wT. 
ex- |pucKS| AGE OF | EXPERIMENTAL DAYS—-AMOUNT OF on 
PERI- IN IN | GROUP DICUMAROL the 
MENT | GROUP | DAYS| (GM.) | RATION 0 l 2 3 { 5 re 
_ 5 15 560 Vitamin A deficiency d0t 75 100 50 
Ration I] 2} 3 { 5 the 
5 15 374 Standard ration 50 75 ~=.100 50 
0 () 0 0 da 
B 2 17 630 Vitamin A deficiency 100 a0 dit 
Ration I] ] 1 ] 
5 17 477 Standard ration 100 50 de: 
0 0 (0) Sta 
‘ty 12 17 469 Vitamin A deficiency 50 50 100 200 200 
Ration ITI 0) 0) 2 5 10 10 () tw 
10 17 489 Standard ration 50 50 100 200) 200 tel 
0 0) l 1 S g q 
D 12 17 169 Vitamin A deficiency LOO 100 150 200 = 200 
Ration ITT 5 5 5 6 11 12 19 the 
10 17 {81 0=6Standard ration 100 100 150) 200) 200 
l ] 1 a) 7 7 f tee 
E S 18 570 =~Standard ration 100 150 150 150 150 ot 
Plus vitamin A l 2 2 2 2 2 Z 
10 18 500 Standard ration 100 150 150 150) 150 the 
0 > 5 6 S S S in 
F 9 1S 563 Standard ration 150 150 150 150) 150 
Plus vitamin A $3 3 3s 8 3&8 383 & ~ 
10 18 904 Standard ration 150 150) 150 150) «150 ot 
Ss Ss Ss Ss Ss S \ 
G { S$ 1,065 Vitamin A deficiency 250 8=6300 
Ration I 0) ef 3 the 
4 28 1,121 Vitamin A deficiency 250 300 
Ration I plus vitamin A 0 0 0 On 
H 12 18 496 Vitamin A deficiency 100 100) 100-150-150 sta 
Ration ITI 1 | 2 5 8 8 
12 18 500 Vitamin A deficiency 100, 100) 100 150-150 
Ration IIT plus vita 1 I I I 10 10 
min A 
12 18 584 Standard ration 100 100) = 1000 150-150 
0 0 0 D5 5 6 Ss 
I 2 10 1476 Vitamin A deficiency 300 300 F 
Rations T and TI 0 I 2 wit 
3 10 1,693 Vitamin A deficiency 300° 300 ele 
Rations I and IT plus : 
vitamin A 1 1 l or 
] 49 1,685 Standard ration 300 ~=300 ten 
0 0 0 . 
ee Sn ea :. OT 
*Composition of different rations is given in body of text. 
*Milligrams of dicumarol given each day is shown as the upper figure. 
tTotal number of deaths is shown as the lower figure. sta 
vit 
EXPERIMENTAL EFFECT OF DICUMAROI ON DUCKS FED A VITAMIN A DEFICIENT RATION dai 
A total of 149 ducks, as shown in Table I, were used in these experiments. dic 
In Experiment A, ten ducks were used, five of which were fed the vitamin A wh 
deficient ration II and five the standard rations. When 15 days of age these wit 
birds were given daily 50, 75, 100, and 50 me. of dicumarol. On the third 
day each of the five birds fed the vitamin A deficient ration was dead: the five vit 
fed the standard rations had survived. Wit 


Liv 
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In Experiment B, seven ducks were used, two of which were fed the vita- 
min A deficient ration II and five the standard ration. When 17 days of age 
these ducks were given daily 100 and 50 me. of dieumarol. On the second day 
one of the two ducks fed the vitamin A deficient ration was dead; the five fed 
the standard rations had survived. 

In Experiment C, 
the vitamin A deficient ration IIT and ten the standard rations. When 17 
days of age these ducks were given daily 50, 50, 100, 200, and 200 mg. of 
dicumarol. On the third day five from the group of twelve fed the vitamin A 
deficient ration were dead, while only one from the group of ten fed the 
standard rations had died. On the sixth day ten ducks from the group of 
twelve fed the deficient ration were dead; nine were dead from the group ot 


twenty-two ducks were used, twelve of which were fed 


ten fed the standard rations. 

In Experiment D, twenty-two ducks were used, twelve of which were fed 
the vitamin A deficient ration ITT and ten the standard rations. When seven- 
teen days of age these birds were given daily 100, 100, 150, 200, and 200 mg. 
of dicumarol. Six hours following the first dose of dicumarol five ducks from 
the group of twelve fed the deficient ration were dead while only one had died 
in the group fed the standard rations. On the fourth day eleven of the twelve 
ducks fed the deficient ration had died, while seven were dead from the group 
of twelve fed the standard rations. 

In these four experiments, seventeen ducks (54.8 per cent) were dead by 
the third day from the group of thirty-one fed the vitamin A deficient rations. 
Only four (13.8 per cent) were dead from the group of thirty ducks fed the 
standard rations for an equal period. 


EFFECT OF DICUMAROL ON DUCKS GIVEN A HIGH VITAMIN A RATION 

In this experiment, forty-five ducks were used. 

In Experiment KE, eight ducks were fed the standard rations supplemented 
with vitamin A, while ten ducks were fed only the standard rations. On the 
eighteenth day these birds were given daily 100, 150, 150, 150, and 150 me. 
of dicumarol. Six hours following the second dose of dicumarol five of the 
ten ducks fed the standard rations had died, while only two from the group 
of eight fed the standard rations supplemented with vitamin A were dead. 

In Experiment F, nineteen ducks were used, ten of which were fed the 
standard rations, while nine were fed the standard rations supplemented with 
vitamin A. On the eighteenth day of the experiment these ducks were given 
daily 150 mg. of dieumarol for five days. Six hours after the first dose of 
dieumarol was given six of the ten ducks on the standard rations had died, 
while only three from the group of nine on the standard rations supplemented 
with vitamin A were dead. 

In Experiment G, eight dueks were used, four of which were fed the 
vitamin A deficient ration I and four the same deficient A ration supplemented 
with vilamin A. On the twenty-eighth day of the experiment these birds were 
given daily 250 and 300 mg. of dicumarol. On the seeond day three of the 
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four ducks fed the standard ration were dead; neither of the four birds fed 
the vitamin A deficient ration supplemented with vitamin A died. 
Experiments E and F show that ducks given large amounts of vitamin A 
are more resistant to the acute action of dicumarol than birds of similar age 
fed the standard rations. In the former group seventeen ducks were used and 
in the latter twenty. On the third day five ducks (29.4 per cent) had died 
from the group fed the standard rations supplemented with vitamin A, while 
fourteen (70 per cent) were dead from the group fed only the standard rations. 


EFFECT OF DICUMAROL ON DUCKS GIVEN A LARGE, MEDIUM, AND LOW QUANTITY OF 
VITAMIN A 


In these experiments a total of forty-three ducks were used. To obtain 
ducks with the smallest amount of vitamin A, the vitamin A deficient rations 
were fed. The standard rations were fed to obtained birds with a medium 
quantity of vitamin A, while those with the largest quantity of vitamin A were 
fed the vitamin A deficient ration ITT supplemented with large amounts of 
vitamin A. 

In Experiment H, thirty-six dueks were used. Three groups of twelve 
birds each were given one of the three rations as previously stated to obtain 
the three different levels of vitamin A. On the eighteenth day these ducks 
were given daily 100, 100, 100, 150 and 150 meg. of dicumarol. On the third 
day five ducks had died from the group fed the vitamin A deficient ration, five 
were dead from the group fed the standard rations, while only one had died 
from the group of twelve ducks fed the vitamin A deficient ration supplemented 
with vitamin A. 

In Experiment I, seven ducks were used. Three of these ducks were fed 
the vitamin A deficient rations I and IT, three were fed the vitamin A deficient 
rations supplemented with vitamin A, and one duck was fed the standard 
rations. On the fortieth day of the experiment the seven ducks were given 
300 mg. of dicumarol daily for two doses. On the second day two of the three 
ducks fed the vitamin A deficient rations were dead; one of the three birds 
given the vitamin A deficient ration supplemented with vitamin A was dead: 
and the one bird fed the standard rations during this time survived the effects 
of the dicumarol. 

In these two experiments fifteen ducks were fed the vitamin <A deficient 
rations and given dicumarol; from this group seven (46.6 per cent) died. 
Fifteen ducks were fed the vitamin A deficient ration supplemented with vita- 
min A and two (13.3 per cent) died. Thirteen ducks were fed the standard 
rations and five (38.4 per cent) were dead by the third day. 

The respiratory rate was greatly increased within two or three hours after 
the larger doses of dicumarol were given. This increase in the respiratory 
rate persisted for two or three hours during which time many of the ducks 
died. The ducks that survived the first large dose of dicumarol showed less 
severe clinical reaction on subsequent days to the same amount of dicumardl. 
The ducks that died appeared to be in satisfactory condition until a few minutes 
before death except for their rapid respiration. During the last few minutes 
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of life these dicumarol-treated ducks usually had one or more convulsions. 
Hemorrhages usually were absent in these ducks that suecumb after the second 
and third dose of dicumarol. Some bleeding was present, however, in the tissues 
of the ducks that died on the filth and sixth days of the experiment. 


VITAMIN A CONTENT OF THE LIVER OF DUCKS 


Samples from the groups of ducks were taken to determine the amount of 
vitamin A present in the liver. On the eighteenth day the liver from two 
ducks fed the vitamin A deficient ration I showed 1.5 and 14.4 U.S.P. units 
per gram of liver. This same deficient ration was given two other ducks and 
vitamin A was used to supplement it. The liver from these two ducks showed, 
respectively, 1,360 and 1,520 U.S.P. units per gram of liver. Two ducks were 
fed the vitamin A ration III and on the eighteenth day the liver from each 
was removed. Neither of these two birds had any vitamin A in the liver. Two 
ducks fed the standard rations for eighteen days had, respectively, 13.8 and 
18.2 U.S.P. units of vitamin A per gram of liver tissue. The vitamin A deficient 
ration IIT was supplemented with vitamin A and fed to two ducks for eighteen 
days. One duek had 582 and the second 546 U.S.P. units of vitamin A in the 
liver. 

WEIGHT OF VITAMIN A DEFICIENT DUCKS 
The following is the average weight of groups of ducks fed the vitamin A deficient 


ration III, vitamin A deficient ration ITT supplemented with vitamin A, and the standard 


rations: 
AVERAGE WEIGIT 
DUCKS AGE IN DAYS RATION (GM.) 
24 15 Vitamin A deficient ration 425 
20 15 Standard rations 442 
12 18 Vitamin A deficient ration 496 
12 18 Vitamin A deficient ration 500 
plus vitamin A 
12 18 Standard rations 584 
28 20 Vitamin A deficient ration 623 
20 20 Vitamin A deficient ration 516 


plus vitamin A 


Ducks fed the vitamin A deficient rations usually were slightly lighter than 
those kept on the standard rations. The variation in weight of the different 
groups, however, was not very great. 


DISCUSSION 


The observation that ducks fed large amounts of vitamin A are relatively 
resistant to large doses of dicumarol is interesting since vitamin A is stored 
in the liver and dicumarol has been found to produce necrosis in the liver of 
laboratory animals. ® Apparently the mechanism has not been established 
for the development of hepatie necrosis following large doses of diecumarol. 
This action occurs, however, before the hypoprothrombinemia.’ No specific 
patholovie changes have been observed in the liver of ducks given large doses 
of dieumarol for as lone as five days. The cause of the acute death in these 
ducks is not known. It has been observed, however, that a 50 per cent decrease 
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may occur in the number of red blood cells within two to four hours following 
the oral administration of large doses of dicumarol. The plasma at this time 
does not show any hemolysis; the decrease in the hematocrit reading seems to 
parallel the decrease in the number of red cells. The carbon dioxide content 
of the plasma is approximately the same as that of normal birds. There is a 
decrease, however, in the carbon dioxide-combining power of the plasma of 
dicumarol-treated birds.'? Experimental observations in our laboratory show 
that ducks fed the vitamin A deficient ration show no significant variations 
from the normal in the earbon dioxide content and the combining power of 
their plasma. 

Since the reserve of vitamin A in the liver is low in certain hepatie dis- 
eases, it may be advisable to be cautious in the use of dicumarol in the treat- 
ment of such individuals if the experimental results as observed in this study 
should be duplicated in man. Organie and functional changes have been ob- 
served in the liver associated with deficiencies other than vitamin A. In ehronic 
vitamin B complex deficiencies functional and fatty changes have been de- 
scribed.'* ** A decrease occurs in hepatie function when dogs are fed a black 
tongue diet.'’” The recent observations of Brunschwig and associates!® '? are 
interesting in that they have shown that both thioglvcollie and eglycollie acids 
afford a degree of protection against hepatie cell necrosis due to dietary de- 
ficiency and to carbon tetrachloride in the rat. *‘‘The results with thioglvcollic 
and glyecollic acids are of interest since by their use it would appear that the 
lipotropic factor and necrosis protecting factor are shown not to be necessarily 
identieal.’!" 

It is obvious that the amounts of dicumarol used in these experiments are 
ereatly in excess of those used therapeutically in man; in preliminary exper'- 
ments, however, it was ascertained that doses of this magnitude were required 
to obtain the results deseribed. There may be no relation between these ex- 
perimental studies and the reactions which occur in man. However, the observa- 
tion that vitamin A deficient ducks are more susceptible to the lethal effect ot 
dicumarol seems of scientific interest. 


SUMMARY 


The susceptibility of ducks to the acute lethal effect of dicumarol is in- 
fluenced by the intake of vitamin A. Birds fed a ration supplemented with 
vitamin A are more resistant to the acute lethal effects of dicumarol than birds 
fed a ration low in vitamin A. The mechanism by which this effeet occurs 1s 
not known. 
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SOME FACTORS AFFECTING THE SUSCEPTIBILITY OF RATS TO 
VARIOUS BARBITURATES 


THE Errect or AGE AND SEX 


—— 
= 


?. HOMBURGER AND B. EtsTen, ALBANY, N. Y., aNp H. E. Himwicu, 
EpGEWoop ARSENAL, Mbp. 


HE evidence concerning the susceptibility of rats to pentobarbital sodium 

in regard to age and sex is controversial. Fitch and Tatum,' using a dose 
of 75 mg. per kilogram as the L.D.,, for rats when injected intraperitoneally, 
concluded that there is no appreciable difference in the susceptibility of the 
females and males. But Moir? found that the anesthetic responses varied with 
sex and age as growth proceeded: at first, a greater resistance in the female 
was seen; later, this was followed by an equality in the response of the two 
sexes; finally, in the older rats, the male was consistently more resistant. Nich- 
olas and Barron® also pointed out that adult females subjected to sodium amytal 
were affected more than males; in addition they observed that immature rats 
require a lower dose of this drug to produce anesthesia than do adult rats. In 
agreement with these workers, Etsten and associates‘ reported that newborn 
rats are more susceptible to pentobarbital than are adults, while Carmichael’ 
noted that the median lethal dose of pentobarbital is less for old rats weighing 
150 to 325 grams than for young animals weighing 25 to 260 grams. In the 
present investigation an attempt was made to re-examine this question with 
the hope of resolving these contradictions. 


METHODS 


Three different strains of rats were employed: one from our own colony 
(C), another from that of the Department of Anatomy (A), and a third from 
the Rockland Company (R). Unless otherwise indicated in the tables in this 
paper, rats from our colony were used. The females were nonpregnant. All 
rats were kept on adequate diets, but food was withheld fifteen or sixteen hours 
before injecting the drugs, though water was always available.* All barbiturate 
solutions were freshly prepared and were never older than three hours. The 
observations were made at 29° Centigrade. The sex, age, weight, strain of rats, 
rates of injection, and concentration of solutions are presented in the tables 

The criteria used to estimate whether the anesthesia was deep or light were 
the ear reflex and the posture of the animal. For the ear reflex the response 
of the pinna is tested with a feather cut to a fine point and inserted into the 
ear canal. The postural reaction is indicated by the side position, when the 
rat cannot assume the normal posture due to loss of the righting reflex. The 
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*The newborn rats were not fasted. Immediately before injection they were taken away 
from their mothers. To prevent leakage after intraper'toneal injection, a smhincter clamp 
was placed on the point of injection before the needle was withdrawn. This clamp Wé&s 
taken off after five minutes. The great majority of the animals which died did so in ten to 
thirty minutes. Few deaths occurred after three hours with the doses used, and the newborn 
were returned to their mothers after the three-hour period. 
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absence of the ear reflex occurs only during deep surgical anesthesia. The 
interval after the ear reflex has returned, but before the righting reflex is 
restored, measures the period of light anesthesia. 
RESULTS AND DISCUSSION 

It is shown in Table I that rats weighing 50 to 100 grams each (four 
to six weeks old) yield results which vary only within the error of 
the method in regard to the influence of sex. In the weight range of 
101 to 200 grams, however, a sharp increase is observed in the duration of 
sleep in the females, an increase which is pronounced even at the low dose 
of 50 me. per kilogram and which is still more marked with higher doses 
Kig.1). At 90mg. per kilogram, nine of twenty-nine females died, while only 
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( Fig. 1.—Effect of sex on duration of anesthesia. Comparative durations of side position, 
that is, total period of anesthesia, are presented diagrammatically. Female rats remain anes- 
thesized for a longer period than male animals, after receiving an intraperitoneal injection 
f pentobarbital (1 per cent solution). 


‘wo of twenty-seven males succumbed. In the older group of rats weighing 
201 to 350 grams, deaths oceur even at 50 mg. per kilogram. At this dose, 
eleven of forty-eight males and sixteen of thirty females died. In every instance 
the duration of the narcosis is longer in the female than in the male. When 
10 mg. per kilogram was administered to nineteen females in this weight group, 
all of them died (Fig. 2). Finally, although injection of the oldest males (351 to 
100 grams) with 50 mg. per kilogram of pentobarbital resulted in a somewhat 
lower incidence of mortality (thirteen of sixty-three died) than in the group of 
males weighing from 201 to 350 grams, the duration of anesthesia was increased 
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by 22 per cent. It would have been desirable to inject more male rats in the 
weight range of 201 to 350 grams, but they were not plentiful in our colony. 
Fitch and Tatum' give 75 me. per kilogram as the L.D.,, for pentobarbital. Be- 
cause the age and sex of these rats were not stated, we may point to Table I to 
show that this figure may be derived by emploving both male and female rats 
weighing from 201 to 350 erams. 


SURVIVAL PERCENTAGE 


4 
} 
t { { i i waI wd ere was w 
4-62 50-100 101-200 201-350 351-500 4-64 50-100 101-200 201-350 4-6% 50-100 10!-200 201-350 
WEIGHT IN GRAMS 


50 MG/KG. INTRAPER | TONEALLY 70 MG/KG. INTRAPERITONEALLY 90 MG./KG INTRAPERI TONEALLY 

Fig. 2.—Effect of weight and sex on resistance to pentobarbital. Presented in diagram- 
matic form is the survival percentage, that is, resistance of male and female rats to three 
different doses of pentobarbital, namely, 50, 70, and 90 mg. per kilogram. The largest of 
these three doses shows most clearly that the resistance is lowest in the newborn, reaches a 
maximum sometime while the weight changes from 50 to 100 grams, and then recedes. But 
even with the lower doses the increasing susceptibility of the aged rats is seen. 


Moir? observes that in male and female rats weighing about 45 grams each 
there is a slightly greater resistance in the females. This difference becomes 
marked when the female rats weigh 55 erams and the male rats 59 grams. 
This stage of greater female resistance is followed by another in which there 
isno appreciable difference between the two sexes. This period in which both 
sexes respond in the same way takes place while the female rats grow from 63 
to$1 erams and the male from 68 to 85 grams. After that the relation between 
the male and female is the opposite of the earlier reaction, for the males become 
more resistant. The comparatively diminished female resistanee is even further 
impaired when the females weigh 104 grams and the males 113 grams. Thus, 
the similarity between the reactions of the male and female rats weighing from 


” to 100 grams may be explained by Moir’s work as including three periods: 


1) greater female resistanee, (2) no difference between sexes, and (3) greater 
male resistanee, 

It is shown in Table LL that a difference in susceptibility is observed even 
among newborn rats if they are grouped according to weight. The larger and 
ore vigorous newborn rats ean tolerate a greater amount of the drug. Yet, 
with doses of 70 mg. per kilogram or more (results not included in Table IT) 
the mortality is 100 per cent, even with the heaviest members of the newborn 
troup. Irrespective of the differences among the newborn as a group, they are 
more sensitive to barbiturates than are the adults. 
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TABLE II. EFFECT OF INTRAPERITONEAL PENTOBARBITAL ON RATS LESS THAN TWENTY-FOvuR 
Hours O.pD 





WEIGHT RANGE (GRAMS) DOSE (30 MG./KG.) DOSE (40 MG./KG.) DOSE (50 MG./KG.) 
4 to 4% 3/7* 6/7 1/1 
5 to 5% 6/10 19/27 7/7 


co o/ Sl oe 


In order to maintain the same small volume of injection, the concentrations were varied: 
30 mg. per kilogram, 0.15 per cent; 40 mg. per kilogram, 0.20 per cent; and 50 mg. per kilo- 
gram, 0.25 per cent. 

*Each fraction represents the incidence of mortality; the numerator of fraction indicates 
the number of animals that died and the denominator the number of animals used. 





It is generally accepted that a reciprocal relation exists between metabolic 
rate and narcotic effect. In the present investigation it has been possible to 
push this analysis one step further, and it is suggested that this relationship 
rests for the most part on the metabolic rate of the brain rather than that of 
the entire body. It is true that in rats the form of the curves for basal metabolic 
rate® and cerebral metabolic rate’ are similar on a basis of age. Both curves 
fluctuate within their lowest levels for approximately the first three weeks of 
life before rising rapidly to a maximum at the end of the seventh week and 
then receding very slowly toward old age. However, the early changes of basal 
metabolism rate would seem to depend on the entire organism rather than on 
the metabolism of any organ, for the metabolism of kidney and liver slices from 
newborn rats is found to be approximately the same as in the mature animal.’ 
Cerebral metabolism, on the contrary, is much lower in the newborn than in 
the adult,’ an cbservation which may explain the lessened resistance of the 
neonate to barbiturate. This relationship between ececrebral metabolism rate 
and narcosis is to be expected since the primary effect of narcosis is exerted 
on the brain. 

Tables III and IV represent a comparative study of pentothal and com- 
pound 897 (N-mcthyl-pentobarbital).* With strain A, but not with the other 
strains, the intravenous M.L.D. for a male rat weighing 360 to 460 grams is 
50 mg. per kilogram for pentothal and 40 mg. per kilogram for compound 897. 


TABLE III. INTRAVENOUS INJECTION OF PENTOTHAL (1 PER CENT SOLUTION) 


INgEc- | _ | | SIDE POSITION 














| WEIGHT TION | EAR REFLEX ABSENT MAINTAINED 
| RANGE TIME IN| DOSE | MOR- | (MINUTES) | _——_( MINUTES) 
STRAIN*| SEX | (GRAMS) | MINUTES |MG./KG. |TALITYt] AVERAGE | RANGE AVERAGE | RANGE 
R M_ 300 to 420 1% 60 3/95 250 141 to 360 373 290 to 460 
A M 360 to460 1% 50 1/7 178 103 to 540 454 403 to d4 
R M 300 to 420 1% 50 0/5 127 28 to 360 329 303 to 500 
C M 230 to 250 1% 50 0/3 37 32 to 3 204 128 to 420 
C M 260 to 310 % 30 0/9 16 8 to 28 32 16 to 81 
C F 160 to 200 wy 30 0/9 15 8 to 20 26 15 to 4 
R M 300 to 420 1% 25 0/7 19 8 to 30 46 19 to & 
R M 300 to 420 12.5 0/7 + 8% 4to ll 
Cc M_ 114 to 150 % IZ: 0/7 4 4 Not in side position 





*Strain R came from the Rockland Company; Strain A is that maintained by the De- 
partment of Anatomy, Albany Medical College; Strain C came from our own colony in the 
Department of Physiology and Pharmacology. 

+Each fraction represents the incidence of mortality; the numerator indicates the nul 
ber of animals that died and the denominator the total number of animals used. 

*We are grateful to Dr. R. K. Richards of the Abbott Laboratories, North Chicago, Ill. 
for supplying this drug. 
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TABLE IV. INTRAVENOUS INJECTION OF COMPOUND S897 (1 PER CENT SOLUTION) 





| | INJEC- | | | SIDE POSITION 
WEIGHT | TION | EAR REFLEX ABSENT | MAINTAINED 
| RANGE |TIME IN| DOSE | MorR- |__ (MINUTES) (MINUTES) 
STRAIN*|SEX | (GRAMS) | MINUTES | MG./KG.|TALITYt | AVERAGE RANGE AVERAGE RANGE 
R M 300 to 420 1% 50 4/5 62 oe 120 shases 
A M 360 to 460 1% 40 3/7 49 32 to 70 116 99 to 240 
C M 176 to 280 1% 10 0/7 25 17 to 34 48 29 to 88 
0 M 260 to 340 % 30 0/7 14 8 to 20 38 29 to- TL 
CG Fr 70 to 23 % 30 0/8 45 15 to 72 146 53 to 232 
R M 300 to 420 1% 20 0/7 22 9 to 35 33 23. 40 “5d 
R M_ 300 to 420 % 10 0/7 a 814 7 to 12 
C F 128 to 152 w% 10 0/7 fe fo 6 4to 8 


*Strain R came from the Rockland Company; Strain A is that maintained by the De- 
partment of Anatomy, Albany Medical College; Strain C came from our own colony in the 
Department of Physiology and Pharmacology. 

*Each fraction renresents the incidence of mortality; the numerator indicates the num- 
ber of animals that died and the denominator the total number of animals used. 


These results emphasize that differences in the strains of rats and especially in 
weight (age) are important factors in the responses to the barbiturates. It 
should also be pointed out that recovery, especially with the higher doses, is 
much faster with compound 897 than with pentothal. 

An interesting difference appears (Table V) between the reactions to a 
single intravenous injection of the three barbiturates: pentobarbital, pentothal, 
and compound 897. In these observations the ages of the male and female 
members of a test group are the same as are the doses in terms of weight. The 
exact dosage chosen, however, is arbitrary, since 30 mg. per kilogram of pento- 
thal is approximately 60 per cent of its M.L.D. and is 75 per cent of the M.L.D. 
of compound 897. Nevertheless, the recovery from anesthesia is faster with 
the latter compound. 

Pentobarbital and compound 897 show a difference in the reactions between 
the two sexes, for the female rats exhibit longer periods of deep and _ total 
anesthesia than do the male animals, while with pentothal such a differentiation 
fails to appear. Similar preliminary observations made on dogs disclose that 
these animals do not exhibit the sexual differences to compound 897 which are 
noted in rats. The causes for these characteristic responses of male and female 
rats to pentobarbital and to compound 897 have not been elucidated, except to 
the extent that Moir? found that the discrepancy diminishes but does not dis- 
appear after castration of the male rats. Similarly, the injection of testosterone 
propionate into female rats cuts down the period of anesthesia significantly.® 

Data from this laboratory on thiamine-deficient dogs’ suggest that they 
exhibit a reduced resistance to pentobarbital, in comparison with animals on 
‘complete diet. Such an impairment of resistance previously has been reported 
for rats.‘t Pentobarbital becomes more effective not only in animals with 
thiamine deficiency but also in those with a deficiency of asecorbie acid.1? We 
May conclude that in addition to age, sex, weight, strain, and species, dict is 


also an important factor in determining the responses to barbiturates. 
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SUMMARY AND CONCLUSIONS 


Age, weight, sex, strain within a given species, difference in species, diet, 
and kind of barbiturate, all influence the reaction to this group of drugs. 

1. The newborn rat, not more than twenty-four hours old, is more sus- 
ceptible than is the adult, while rats weighing 50 to 200 grams are less sus- 
ceptible than are those weighing 201 to 500 grams. It is possible therefore to 
form a spectrum of resistance lowest in the newborn, maximum in rats weigh- 
ing from 50 to 200 grams, and intermediate with advance in weight and age. 

2. As growth proceeds the first increase in the greater susceptibility of the 
female to pentobarbital is observed in rats weighing 101 to 200 grams, for in 
that weight range the female remains in light anesthesia longer, though the 
lethality is the same for both sexes. In rats weighing 201 to 500 grams and 
receiving pentobarbital, not only is the duration of narcosis longer in the female 
but the lethality is greater, 

In response to an intravenous injection both pentobarbital and compound 
897 produce more pronounced effects in the female than in the male, but 
pentothal exhibits no sexual difference. 

3. The intravenous M.L.D. for male rats weighing 360 to 460 erams is 50 
mg. per kilogram for pentobarbital and 40 me. per kilogram for compound 897. 

A more rapid recovery from anesthesia follows the administration of com- 
pound 897 than follows dosage with pentothal. 

4. Differences in the reaction to barbiturates are noted in three strains 
of rats. 
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LABORATORY METHODS 


A SIMPLIFICATION OF THE SEROLOGIC DIAGNOSIS OF 
SALMONELLA CULTURES 


I’. KAUFFMANN AND P. R. Epwarps 
LEXINGTON, Ky. 


ECENTLY, the attention of many workers has been drawn to the Salmonella 

group by numerous publications on the genus. This increased interest in 
a group recognized for many years is due to several factors: A rise in enteric 
infections caused by large movements in population and the makeshift living 
conditions of the war years, improved methods of isolation of the bacteria, and, 
finally, the fact that rapid and reliable methods of identification of cultures by 
serologic analysis are now available. 

Faeed by a greater demand for accurate diagnosis of enterie infections 
and his own ability to isolate a larger number of intestinal pathogens by the 
use of improved selective media, the worker in the average laboratory has been 
plaeed at a disadvantage by inability to identify the cultures which are isolated. 
The multiplicity of Salmonella types and the many sera necessary for their exact 
identification have prevented workers in small laboratories from taking ad- 
vantage of the newer knowledge of Salmonella serology. Thus, many labora- 
tories still depend upon agglutination tests in which the O and I reactions 
of the cultures are not distinguished and the phases of the H antigens are not 
considered. Such a system inevitably leads to errors in diagnosis which may 
seriously handicap the work of the epidemiologist. 

It is highly desirable that exact methods of identification of the principal 
pathogens among the Salmonella and approximate methods of diagnosis of the 
remaining types be made available in simplified form. The public health labora- 
tory should be able to identify with certainty S. paratyphi A, S. paratyphi 
B, S. paratyphi C, S. typhi, and S. sendai, since these are strictly human types 
which produce prolonged febrile diseases, result in a relatively high carrier 
rate, and tend to become endemic in the population. S. choleraesuis also should 
be identified exactly beeause it frequently produces septicemia with localizations 
in man. Finally, it is desirable to identify S. typhimurium since it occurs 
more frequently in man than any other of the numerous types which produce 
acute gastroenteritis. 

Laboratories engaged in the study of diseases of the domestic animals 
should be able to identify the so-called primary salmonelloses; S. abortus equ 
in horses, S. dublin in cattle, S. abortus ovis in sheep, S. choleraesuis in hogs, 
and S. pullorum and S. gallinarum in fowls. Here again it is desirable that 
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S. typhimurium be identified exactly since it occurs so frequently in all animal 
species. The remainder of the numerous types which occur in domestie animals 
may be separated into their respective groups but may not be subjected to exact 
type determination. 

Fortunately, the vast majority of Salmonella strains isolated from man and 
D, and E of the Kauffmann-White 
classification. In 1943 Edwards and Bruner’ found that 98.3 per cent otf 


‘ 


animals are members of groups A, B, C. 


3,019 eultures from man and animals were members of these five groups. In 
1946 Seligmann, Saphra, and Wassermann® obtained an identical figure in 
2.916 cultures from man. In 1947 Bruner and Joyce’ classified 99.5 per cent 
of 1,007 cultures from man in these groups. Unpublished data of Edwards and 
Bruner on 12,000 cultures isolated from man and animals indicate that more 
than 97 per cent of the strains are found in the five previously mentioned groups. 
Thus, it is evident that the average laboratory need concern itself only with 
the identification of Salmonella cultures which are members of five somatic 
groups.* Other eultures oecur so rarely chat they may be forwarded imme- 
diately to a laboratory which specializes in the study of the genus. 

Considering these facts, we propose the following diagnostic scheme for 
the average routine laboratory. A polyvalent serum which contains agglutinins 
for antigens I, I, IJ, IV, V, VI, VII, VIII, LX, X, XII, and XV should be 
available. This is prepared by injecting a rabbit with a mixture of equal 
amounts of boiled broth cultures of S. paratyphi A, S. paratyphi B, S. thompson, 
S. newport, S. gallinarum, S. anatum, and S. newington. Details of the prep- 
aration of polyvalent sera were published in 1942 by Kauffmann.’ 


Five O sera for groups A to E, respectively, should be prepared as follows: 


A LiL xn S. paratypht A 

B EV, Vj8 S. paratyphi B 

C VI,VII,VIII S. thompson and S. newport 
D IX,XII S. gallinarum 

E TTT,X,XV S. anatum and 8S. newington 


Methods of preparation of these sera were given in 1941 by Kauffmann® 
and in 1942 by Edwards and Bruner.? It will be noted that groups C, and C, 
are represented by only one serum as are also groups E, and E,. In this way 
the number of necessary sera is reduced. 

Kor the publie health laboratory a Vi serum is needed to aid in the identi- 
leation of 8. typhi and 8S. paratyphi C. This may be made from a living or an 
ileohol-treated culture of S. ballerup by the method of Edwards and Bruner? 
1942). Such a serum contains agglutinins for O antigen XXIX and H anti- 
sen Z,,, in addition to Vi, but these antigens occur so rarely that the serum may 
be used without absorption for the determination of Vi antigen. 


——— 


— *As carly as 1930 Kauffmann (Die Technik der Typenbestimmung in der Typhus-Para- 
Phusgruppe, Zentralbl. f Bakt. [Abt. 1] 119: 152, 1930) proposed a simplified set of 12 OH 
sae by Which the common members of groups A to E could be identified. In 1942 a similar 
ae was made by Bornstein (Practical Suggestions for Serological Type Determination of 
“almonella Organisms, J. Bact. 44: 719, 1942.) 
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The publie health laboratory should have six H sera as follows: 


a S. paratyphi A 

b S. hvittingfoss, phase 1 (or S. paratyphi b, phase 1) 
¢ S. choleraesuis, phase 1 

d S. typhi 

i S. abe rdeen, phase 1 (or S. bonariensis, phase 1} 


1.2.3.5 S. thompson, phase 2, and S. newport, phase 2 


Workers in animal pathology should have the ¢, i, and 1,2,8,5 sera and, in 
addition, the following: 


e.n.x S. abortus equi 
2,p S. dublin 


The preparation of HH) sera was described in 1941 by Kauffmann® and in 
1942 Edwards and Bruner.® 

With this modest array of sera and by use of the ordinary biochemical 
tests it is possible to identify the principal Salmonella types and to group 
practically all Salmonella cultures. 

The polyvalent serum is used in slide agglutination tests, usually in a 
dilution of 1:5 or 1:10, depending upon the titer of the particular serum. It 
can be used to test colonies directly from plates of selective media or to test 
growth from slants of differential media to which colonies are transferred. A 
hit of growth is mixed in saline on a slide and an equal amount of polyvalent 
sera added or, if desired, the growth may be emulsified directly in the serum 
dilution. Ageglutination becomes apparent after the slide is tilted back and 
forth for thirty seconds to one minute. In dealing with cultures from man the 
Vi serum should be used in conjunction with the polyvalent serum so _ that 
()-inagelutinable cultures of S. typhi will not be missed. If agglutination is not 
obtained thus with growth from any of the suspicious colonies, those which yield 
erowth resembling Salmonella on differential media should be carried through 
the usual biochemical tests to eliminate the presence of rare Salmonella types. 
If the biochemical tests indicate that the organisms are Salmonella, they should 
he sent to a center for identification. 

If agglutination occurs in Vi serum, S. typhi should be suspected. In the 
event that agglutination oceurs in the polyvalent serum but in Vi serum, it 
is probable that a Salmonella other than S. typhi is present. Cultures which 
agelutinate in the polyvalent serum should be tested in a similar manner with 
the sera for the various O groups. While some cross-agglutination ocewrs be- 
tween the different O groups, the reactions are usually quite distinct so that 
no difficulty is encountered in determining to which O group a eulture belongs. 
Cultures which agglutinate in Vi serum should be heated in saline at 100° ©. 
for a few minutes and tested with the O sera. Thus, the Salmonella strains can 
be divided into their respective O groups. Cultures which are initially agglu- 
tinable by Vi serum after heating should fall into group C if they are S. para 
typhi C and into group D if they are S. typhi. If no agglutination occurs in 
the O sera after heating, the heated culture should again be tested in Vi serum. 
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If agglutination still occurs, it may be concluded that the culture contains X XIX 
antigen and is not a member of any of the common groups. Very rarely rough 
cultures of S. typhi are isolated which will not agglutinate with group D serum 
after heating. Thus, it is necessary to determine by biochemical methods 
whether cultures, which in the living state agglutinate in Vi serum but after 
heating are inagelutinable by group C, group D, and Vi sera, are in reality 
rough cultures of S. typha. 

After the O group of the culture is determined its H antigens should be 
examined, This may be done by testing growth from an agar slant on a slide 
with H sera which are diluted 1:50 or 1:100. An alternate method is that 
recommended in 1942 by Edwards and Bruner,*® in which an infusion broth 
culture is diluted with an equal amount of saline containing 0.6 per cent 
formalin and tested with appropriate sera at 50° Centigrade. Only one dilu- 
tion (1:1000) is used and results are read after incubation for one hour in 
a water bath. 


In dealing with cultures from man the group A cultures should be tested 
with serum a to assure that they are S. paratyphi A, the only known type in 
that group. In addition, they should be subjected to the differential tests, non- 
fermentation of xylose, and inability to utilize tartrates and citrate. The 
majority of S. paratyphi A strains produce little or no H,.S. 

(iroup B eultures should be tested with H sera, b, i, and 1,2,3,5. In the 
event that agglutination occurs in b or i serum, the culture is almost certainly 
S. paratyphi B or S. typhimurium, respectively. Diphasie cultures often oecur 
only in one phase when recently isolated. If phase 2 only is present, it is 
necessary that phase 1 be obtained to identify the culture. Thus, if the culture 
is agglutinated only by 1,2,3,5 sera, it should be planted on a Gard plate 
(Kauffmann,® 1941) with 1,2,3,5 serum or placed in a tube containing 2 or 3 
ee, of semisolid medium to which a loopful of that serum has been added. 
Phase 1 will migrate through the medium and ean be isolated from the spread- 
ing growth. Useful modifications of the Gard technique have been deseribed by 
Edwards and Bruner? (1942), Hajna*t (1944), and Juenker® (1946). After 
phase | is obtained it can be determined whether the culture is S. paratyphi 
BLS. typhimurium, or some other type within group B. 

Group © cultures should be tested with ¢ and 1,2,3,5 sera. If agglutina- 
tion occurs in e serum, the eulture may be identified as 8S. paratyphi C or S. 
tholeracsuis depending upon its biochemical reactions. S. paratyphi C usually 
lerments arabinose and always ferments trehalose promptly whereas S. cholerae- 
sis attacks neither of these sugars. S. paratyphi C ferments dulcitol promptly 
while 8. choleraesuis gives delayed or negative reactions in dulcitol media. If 
phase 2 only is present, phase 1 should be isolated as previously described and 
tested with e serum. It should be remembered that the majority of cultures of 
N. choleraesuis belong to the Kunzendorf variety in which phase 1 is more or 
less con letely suppressed, so that any group C culture which agglutinates 
1,2,3,5 scrum, fails to ferment arabinose and trehalose, and gives a negative or 
delayed :esult in duleitol may be reported as S. choleraesuas. 
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Group D eultures should be tested in a, d, and 1,2,38,5 sera. Cultures 
which agglutinate only in d serum, which are anaerogenic, and which possess 
the usual biochemical attributes of S. typhi may be reported immediately. The 
organism will have been examined already for the presence of Vi antigen so 
that its identity is fairly well established. Some recently isolated cultures of 
S. typhi are very poorly motile and may fail to flocculate in d serum. Such 
cultures can be typed as S. typhi provided they possess IX, XII, and Vi anti- 
gens and the biochemical properties of S. typhi. 

Identification of S. sendai depends upon the recognition of both phases and 
biochemical examination. It is necessary that the organism ageglutinate both 
in a and 1,2,3,5 sera. If only one phase is present the second must be isolated 
as previously deseribed. Further, this type is H.S and citrate negative and 
gives a negative result in Stern’s glycerol-fuchsin broth. Arabinose is  fer- 
mented immediately but xylose and sorbitol give delayed reactions. Cultures 
with similar antigens but different biochemical reactions belong to another type. 
S. sendai oceurs frequently only in the Orient. 

Cultures which belong to group E are not examined further but are re- 
corded simply as group E Salmonella. 

Cultures of animal origin are treated in much the same manner as human 
cultures. Group A cultures are known to occur only exceptionally in animals 
and need not be considered. Group B cultures are tested with ¢; e,n,x; i and 
1,2,3,5 sera. S. abortus cqui should agglutinate only with e,n,x serum and when 
planted in semisolid medium containing e,n,x serum it should fail to spread 
since this type is monophasic. Both phases of S. abortus ovis should be recog- 
nized. This type should agglutinate in ¢ and 1,2,3,5 sera. Further, the organ- 
ism should fail to ferment trehalose. It is characterized by a more delicate 
growth on agar media than that exhibited by most Salmonella. S. typhimurium 
is identified as previously described. 

Group C cultures are treated as are human strains of group C in order 
to identify S. choleraesuis. 

Motile strains of group D are tested with g,p serum to determine whether 
they are S. dublin; S. enteritidis also will agelutinate with this serum, but 
typical Dublin strains can be differentiated from S. enteritidis by the fact that 
S. dublin gives a negative or delayed test with arabinose while S. enteritidis 
ferments the sugar promptly. 

Nonmotile strains of group D are probably S. gallinarum or S. pullorum. 
Such cultures which are anaerogenie and which promptly ferment duleito! and 
maltose may be classified as S, gallinarum. S. pullorum is usually aerogenic 
but anaerogenic strains occur. Typical cultures ferment neither maltose nor 
dulcitol although maltose-fermenting strains occasionally are found. Nonmotile 
cultures which fail to ferment dulcitol may be classified as S. pullorum. This 
type is also characterized by its sparse growth on artificial media. 

In summary, it is hoped that through the adoption of a system sim)!ar to 
that previously described, a more satisfactory diagnosis of Salmonella ‘ypes 
_ may be achieved in the routine laboratory. Such laboratories should not ai‘ empt 
to type every Salmonella culture but should identify exactly only the more 
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important types. The remaining cultures should be designated ‘‘Salmonella, 
type undetermined’’ and sent to a center for identification. The adoption of 
such a system will permit the rapid diagnosis of 98 per cent of Salmonella 
infections. At present many laboratories still rely on ordinary agglutination 
tests with sera of doubtful authenticity and specificity and upon biochemical 
reactions. Reports on Salmonella cultures are therefore often long delayed 
and inaccurate. 

It is realized that this proposal is not strikingly original and that any 
proposal short of complete typing must be a compromise. However, the system 
is flexible and can be modified to suit the needs of the individual. The methods 
proposed here are based upon our experience, with a view toward the employ- 
ment of a minimal number of sera. 
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THE PROTHROMBIN TIME AND VARIABLES IN THE METHOD 


JoHN W. Martin, M.D., George H. CurrMan, Jr., M.D., AND FRANK L. CAvANo 
CLEVELAND, OHIO 


HE prothrombin test as originally devised by Quick' and subsequently 

modified by Link,? Shapiro,* Brambel,* and others is steadily becoming more 
important in clinical medicine, particularly as a guide to dicumarol therapy. 
Accurate, consistent results are imperative if patients are to be adequately 
treated yet not unnecessarily subjected to the danger of serious hemorrhage. 
Indeed, if dependable prothrombin values are not obtainable, dicumarol therapy 
must be discarded. 

Our own early experience and observations of some other laboratories lead 
us to believe that prothrombin results are very often dangerously inaccurate. 
In the course of our work some factors causing variations have been found. 
Some have not been mentioned previously and others have received too little 
emphasis. It is hoped that the recognition of some of the pitfalls may be of 
value to others and of help in the development of a more reliable technique. 


THE PROTHROMBIN TEST—DESCRIPTION OF TECHNIQUE 


All one-stage prothrombin tests used today are based on the original 
method of Quick. We have followed the Brambel modification of the Quick 
test because it is more accurate in determining early changes in prothrombin 
content. This is particularly true between 35 and 100 per cent, where the 
Brambel dilution curve rises more sharply than do either the dilution curves 
of Quick or Link and Shapiro (Fig. 1). 

Regardless of the method used, each laboratory should determine its own 
dilution curve in order to report accurately in per cent of prothrombin. Varia- 
tions in the strength of the thromboplastin and other factors that will be con- 
sidered later make it impossible to read results from dilution curves that have 
been made in other laboratories. In the following outline of the method, we 
follow closely the Brambel technique* and note its variations from Quick. 

Thromboplastin is prepared from rabbit brain according to the method 
described by Brambel.* It is then kept in a desiceator at 4° C. or sealed in 
vacuum bottles and kept in the refrigerator. When ready for use, the dried 
brain containing the thromboplastie substance is removed from the vacuum 
tubes or the desiccator and ground to a fine powder with a pestle and mortar. 
(With Quick’s method the thromboplastie substance is used without any further 
vrinding.) Then 250 mg. of this powder are suspended in 5.0 ¢.e. of normal 
saline solution (0.85 per cent) containing 0.1 ¢@c. of a 0.1 molar solution 
of sodium oxalate. After the test tube is thoroughly shaken to insure uniform 
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distribution of the particles, it is placed in a water bath maintained at 50° C. 
for a period of just fifteen minutes. While in the water bath, the test tube is 
vigorously shaken for ten seconds every two minutes. It is important that the 
material be shaken regularly and consistently at the two-minute period, as the 
amount of agitation will change the prothrombin times obtained. Additional 
shaking will cause times to increase. 

At the end of the incubation period the material is put in a centrifuge, 
and revolved at 500 r.p.m. for just twenty seconds. This will give a milky 
supernatant fluid which may then be pipetted off and used for testing. 
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Fig. 1.—Dilution curves obtained by three different methods. 


Quick’s method of preparation of thromboplastin differs from the previ- 
ously described method of Brambel only in the following ways: (1) There is 
no grinding of the acetone-washed, dried brain before adding the normal saline- 
sodium oxalate mixture; (2) during the period of incubation the only agitation 
is that produced by the occasional blowing through the mixture with a pipette; 
and (3) 300 instead of 250 mg. of thromboplastie material are ineubated in 
0 ec. of saline-oxalate mixture. This change of amount does not appear to 
be important, as an excess of thromboplastin is used in both methods. 

Plasma for prothrombin determination is obtained by mixing 4.5 ¢.e. of 
Venous blood with 0.5 ¢.c. of 0.1 molar sodium oxalate. This is centrifuged 
at 1,500 v.p.m. for twenty minutes. 


One-tenth of a cubie centimeter of plasma is then placed in an 8 by 100 


mm. test tube and to this is added 0.10 ¢.e. of thromboplastin solution. The 
t 


Wo are thoroughly mixed and placed in a constant temperature water bath 
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of 37° C. for two minutes. One-tenth of a cubic centimeter of 0.025 molar 
calcium chloride, which has previously been allowed to stand at 37° C., is then 
drawn into a 1.0 ¢.e, pipette calibrated in 0.10 ¢.c. graduations to the tip. The 
ealeium chloride is quickly blown into the plasma-prothrombin mixture and 
at the same moment a stop watch is started. <A foot switch for the operation 
of the watch as described by Shapiro is helpful.* 

In introducing the calcium chloride into the plasma-prothrombin mixture, 
it is important to keep several points in mind. The transfer must be made 
quickly, but care must be taken so that the solutions will not remain on the 
side of the tube and prevent complete mixing. The pipette used for calcium 
chloride must be very carefully wiped before it is used again. If this is not 
done, small drops of the prothrombin-plasma mixture may adhere to the sides 
of the pipette and contamination of the calcium chloride solution will result, 
invalidating further tests. A fresh pipette may be used for each transfer of 
the calcium chloride, but this does not seem necessary if due care is taken. 

Once the solutions are mixed by shaking, the mixture is held in the water 
bath for ten seconds. The tube is then lifted out and gently tilted back and 
forth until the solution abruptly gels. When coagulation first begins, the stop 
watch is stopped and the time recorded to the nearest one-tenth of a second. 
All runs should be done in duplicate and should check within a second for 
undiluted plasmas. 


EXAMINATION OF POSSIBLE VARIABLES IN THE METHOD 


Stability of Thromboplastin in Dry State—As others have reported, we 
also have found that the stored thromboplastin loses its poteney when exposed 
to air but that the temperature factor is not so important. According to Quick, 
when thromboplastin is stored at 4° C. in vacuum containers, potency is main- 
tained over a period of years. 

We have tested the same dried thromboplastie substance, prepared accord- 
ing to the Brambel method, over a period of five and one-half months and have 
found no decrease in the strength. The figures in Table I give the prothrombin 
times obtained on the same normal individuals over a period of months. In 
this experiment three separate batches of thromboplastin, kept continuously 
in a desiceator at 4° C., were used for testing. 

TABLE I, STABILITY OF DRIED THROMBOPLASTIN STORED IN DESICCATOR AT 4° C. 


(FIGURES GIVE PROTHROMBIN TIME IN SECONDS) 


THROMBOPLASTIN 


DATE a see = : 
TESTED A | B | C 
Normal plasma June 24 17.4 
(G. C.) July 24 17.2 
Aug. 19 17.6 17.3 17.4 
Dee. 11 17.2 16.8 17.2 ; 
rit w June 29 17.0 
Normal plasma July 15 Wee 
(J. M.) Aug. 16 17.1 
Dec. 11 16.9 16.5 16.8 
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Stability of Thromboplastin in Solution. 


IN METHOD 


orem | 


It is of some importance to know 


how long this thromboplastie solution maintains its strength, for time and 


material may be saved if its stability is such that it may be used for more than 


one series of tests. 


In Tables I] and III the results of daily tests on the same 
individuals are shown. 


The thromboplastie solutions were made up fresh on 
for the duration of the ex- 


the first day and kept in the refrigerator at 2 


periment. 


Bloods were drawn at the same time each day on the normal in- 


dividuals tested, and in all respects the tests were done in the same manner 


each day 


In Table II are shown the daily times obtained using thromboplastin pre- 


pared in our laboratory from the acetone extraction of rabbit brain. 


not used for testing, it was kept in the refrigerator. It will be noted that there 


is a change in potency on the sixth day. 


three cases which were done some months before the last 


When 


This is more noticeable in the first 


technician and with a different lot of thromboplastin. 


four by 


a different 


It would appear justifi- 


able on the basis of these data to use such thromboplastie solutions for at least 


four days before discarding them. 


TABLE IJ. THROMBOPLASTIN (BRAMBEL), +2° C. 


(PROTHROMBIN TIME IN SECONDS) 
FIRST SECOND THIRD FOURTH FIFTH SIXTH SEVENTH EIGHTH NINTH 
CASE DAY DAY DAY DAY DAY DAY DAY DAY DAY 
1 17.2 Poe 17.4 ee 17.4 23.8 24.8 
2 Ne a 17.4 7.2 17.5 vo 24.8 24.8t 
3 17.2 7.2 17.3 16.0 17.4" 23.9 24.8t 
4 1 6t 17.5 17.8 18.4 18.1 21.0 22.0 
5 17.9 18.1 18.2 Rist 19.0 19.1 20.4t 
6 19.0 18.1 18.4 18.0 18.1 18.7 19.1 19.1 19.0 
7 20.0 18.9 17.4 17.6 LT 19.0 21.2 21.2 21.0 
Average 18.0 17.8 LT 17.5 17.9 21.5 22.4 
*Interpolated. 
ticxtrapolated. 
TABLE IIT. POTENCY THROMBOPLASTIN (MALTINE) IN SOLUTION, +2° C. 
(PROTHROMBIN TIME IN SECONDS) 
FIRST SECOND THIRD FOURTH FIFTH SIXTH SEVENTH EIGHTH NINTH 
_ NORMAL DAY DAY DAY DAY DAY DAY DAY DAY DAY 
] 16.6 16.0 17.4 18.7 17.6 17.6 19.2 19.1 19.6 
2 16.3 16.1 15.9 18.4 18.0 17.4 21.1 18.0 18.0 
3 16.7 17.0 16.7 18.3 Lea 17.6 18.9 18.5 21.0 
1 16.1 16.6 16.0 18.4 18.0 17.5 19.8 18.8 19.0 
te 13.7 16.8 16.5 18.0 17.6 17.5 18.5 18.3 18.1 
_ Average 15.9 16.4 16.5 18.4 17.8 17.5 19.5 18.5 19.1 


In many laboratories it is not feasible to prepare thromboplastin from 
We have there- 
lore extended our observations to one, frequently used, ready-made thrombo- 


rabbit 


Plastin 
previou 


Maltine). 


ly deseribed. 


vrain, and the use of a commercial product is necessary. 


The experiment was carried out in the same manner as 


In this instance there is a significant loss of strength 


on the fourth day, but values are consistent for the first three days (Table III). 
Calcium Chloride Solution We have used a 0.025 molar concentration of 


caleium 


and Braimbel. 


‘hloride. 


This is the same strength solution as is used by Shapiro 


Quick also previously used this solution, but has more recently 
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changed to a 0.020 molar strength. This may account in part for shorter times 
observed when using the Quick technique, as the calcium chloride concentration 
is a critical factor in this test. 

Pohle and Stewart® showed that even small variations of the ealeium 
chloride had a distinct effect on the prothrombin time. As the caleium chloride 
strength was reduced to about 0.01 molar the prothrombin times became shorter, 
Below this level there was a rapid lengthening. We have confirmed these 
observations, as is shown in Fig. 2. Actually, other molarities than the usual 
0.025 molar might be adopted if a dilution curve for that solution were set up 
and percentage values then derived from that curve. The important consid- 
eration is that the caleium chloride solution be consistently of the same strength. 
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Fig. 2.—Effect of calcium concentration on prothrombin time. 


Solutions should be made up accurately and in large enough volume to obviate 
the necessity of frequent preparation of new stock solutions, which might lead 
to error. As anhydrous calcium chloride is most hygroscopic, its weight will 
change even as it is being removed from the container for weighing. For 
critical work a final chemical analysis of the solution is desirable. 

Plasma—Collection of the Blood.—Plasma is obtained by mixing 4.5 ¢.¢. 
of blood with 0.5 ¢.c. of 0.1 molar sodium oxalate. The mixture is then centri 
fuged for twenty minutes at 1,500 revolutions per minute. It is important 
that the vein be entered cleanly and a perfectly dry syringe be used, as slight 
clotting or hemolysis of the blood will cause shortening of prothrombin times 
(Figs. 3 and 4). 
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Plasma Stability —It is usually assumed that the prothrombin test will 
be run soon after the blood is drawn, but there is little specific information on 
the stability of the plasma at various temperatures. Link? reported that normal 
rabbit plasma was constant in prothrombin content for several hours at room 
temperature but that bloods of animals eating spoiled sweet clover (dicumarol 
equivalent) were likely to change in value after standing three or four hours. 
Campbell and associates’ have found that no appreciable error was introduced 
in keeping plasma obtained from normal rabbits for a week at 0° Centigrade. 

In Tables IV to VII tests have been run on both abnormal and normal 
plasmas, kept for varying times at different temperatures. It will be seen that 
although there is a more rapid deterioration of prothrombin at high temper- 
atures than at lower ones, prothrombin stability does not vary directly nor 
consistently with temperature change. 
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3.—Effect of hemolysis on prothrombin time. 
4.—Effect of clotting on prothrombin time. 


In Table IV is shown the loss of prothrombin potency when plasmas are 
kept 1 rrigerated at 1 to 2° Centigrade. Bloods were drawn at 9:30 A.M., and 
the plasma was immediately separated by centrifuging and placed in the ice- 
box. The first determinations were made one hour after bloods were drawn 
and the second test four hours after obtaining the specimens. There is no 
Significant change up to four hours, but after seven hours the three normals do 
show detinite lengthening of times. At ten hours all show evidenee of weak- 
ening 0’ the prothrombin streneth. It is obviously impossible to keep plasmas 
overnig!t in a refrigerator and still obtain aceurate results. 
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TABLE IV. PLASMA STABILITY, 1 TO 2° C. 
(PROTHROMBIN TIME IN SECONDS) 





TIME AFTER DRAWING OF BLOOD 


CASE 1 HOUR 4 HOURS 7 HOURS 10 HOURS 
1 18.5 17.8 17.8 20.5 
2 29.8 27.0 29.0 33.0 
3 33.0 5 | 32.4 1154 
4 29.9 31.8 32.3 37.2 
5 39.7 37.0 40.0 44.1 
6 15.5 133d 17.8 19.5 
“tia 14.8 15.6 7A 17.8 
s* 15.1 15.2 et 12 
*Normals. 
TABLE V. PLASMA STABILITY, 21° C. (70° F.) 
(PROTHROMBIN TIME IN SECONDS) 
TIME AFTER DRAWING OF BLOOD 
CASE 1 HOUR 2.5 HOURS 4 HOURS 5 HOURS 6 HOURS 
1° 15.8 15.7 15.5 16.1 16.1 
Aa 15.8 15.9 15.7 15.9 16.2 
3 24.3 23.9 23.2 24.8 26.3 
4 18.7 18.8 19.6 20.9 22.0 
5 29.0 28.7 29.8 31.6 32.6 
6 28.0 27.4 27. 27.7 27.4 
7 27.3 27.4 26.8 @ 28.6 5 9) OR 
8 30.2 30.1 31.9 32.2 34.9 


*Normals. 


In a similar manner blood samples were obtained and the plasmas allowed 
to remain at a room temperature of 21° C. (70° F.). Loss of poteney was not 
vreatly accelerated as compared to plasmas kept in the icebox, but in five hours’ 
time some samples gave evidence of slight loss of prothrombin activity. In 
six hours five of the eight gave longer values (Table V). 

A series run during the summer months at a room temperature of 29° C. 
(89° F.) showed no significant variation at five and one-half hours but con- 
siderable deterioration of prothrombin activity after six and one-half hours 
(Table VI). It appears, therefore, that with the room temperatures usually 


TABLE VI. PLASMA STABILITY, 29 To 31° C. (84 TO 88° F.) 
(PROTHROMBIN TIME IN SECONDS) 


TIME AFTER DRAWING OF BLOOD 


1.5 3.0 4.5 5.5 6.5 7.75 9.25 10.25 
CASE HOURS HOURS HOURS HOURS HOURS HOURS HOURS HOURS 
] 17.0 16.9 Wi 16.5 21.6 26.8 21.9 26.1 : 
2* 45.4 45.7 46.8 43.8 58.0 63.0 53.0 61.0 P 
3 26.6 25.0 27.9 24.0 32.6 33.7 32.5 39.1 
4 ler 17.6 18.0 17.6 22.7 26.4 28.0 24.7 


* Normals. 


TABLE VII 
(PROTHROMBIN TIME IN SECONDS) 


45 MINUTES AFTER 


DRAWING BLOOD 1 HOUR LATER 
CASE (TEMPERATURE 21° C.) (PLASMA KEPT AT 37° C. 
3 14.8 18.9 
2* 15.1 18.3 
3 18.5 22.8 
4 29.8 36.1 
5 37.9 43.7 





*Normals. 
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encountered (70 to 84° F.) there is little variation in rate at which prothrombin 
activity is lost. 

All specimens should be run as soon as possible after the bloods are drawn, 
and any plasma kept longer than five hours either at room or icebox temperatures 
cannot be interpreted with accuracy. 

When the temperature is raised to 37° C., loss of potency is much more 
rapid, as is shown in Table VII. This sudden rise in rate of prothrombin 
destruction is somewhat surprising in view of results noted at lower temper- 
atures. We are unable to explain this variation in action. Perhaps prothrombin 
loss is due to the action of enzymes present in the plasma or it may be a result 
of bacterial activity. No attempt has been made to run these tests under strict 
aseptic conditions. 

Plasma—Time of Taking Blood Samples.—Meyers and Poindexter,® using 
the dilute prothrombin method of Shapiro, showed that patients with coronary 
arteriosclerosis had a slightly shorter prothrombin time in the evening and 
early morning hours. Levan’ states that ‘‘determinations after breakfast were 
considerably higher in per cent prothrombin than fasting speecimens.’’ That 
is, the prothrombin times after breakfast were shorter. 

We have run serial determinations throughout the day on ambulatory 
patients. Since other work being carried on in the laboratory at this time 
necessitated the use of the Link-Shapiro method, it was employed in these 
particular determinations. 

The first specimens were taken at 8:30 a.M. and breakfast was eaten im- 
mediately. A second blood was drawn at 10:30 A.M., approximately two hours 
after breakfast. Lunch was eaten at 11:45 a.m., and a midafternoon sample 
was taken at 3:00 p.m. Supper was served at 5:00 p.m., and the fourth and 
last blood was drawn at 11:00 p.m. We did not find any significant difference 
between bloods drawn before and after breakfast, and it would not appear 
necessary to insist on fasting blood samples. There is, however, consistent 
lengthening of the prothrombin times of the 3:00 p.m. samples when these are 
compared to morning samples. The specimens drawn at 11:00 p.m. have some- 
what shorter times than those in midafternoon but are longer than morning 


tests (Table VIII). 


TABLE VIIT. DiuRNAL VARIATION (MALTINE THROMBOPLASTIN) (TIME IN SECONDS) 








a CASE 8: 30 A.M. _ 10:30. M. ~ 3:00P.M. 11: 00 P.M. 

l 14.5 15.0 155  £45.1 5 
2 15.5 16.0 16.5 16.2 
3 15.5 15.2 16.2 15.3 
1 16:2 15.2 16.8 15. 9 
D 15.6 15.6 18.0 17. I 

a 8 15.2 16.2 17.2 16.2 

__ Average ————«dSS_ DV 15.5 16.7 16.0 - 

Mesls at: 8:40 a.M., 11:45 A.M., and 5: :00 1 P.M. 


. For maximum accuracy it is advisable to take blood samples at the same 
time each day. It may well be that patients on dicumarol show even wider 
diurnal ‘luctuations, but this is impossible to demonstrate, as any such change 
would he obseured by fluctuations in levels due to the action of the drug itself. 
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TABLE IX 


| PROTHROMBIN TIME (SECONDS 
PATIENT | PATIENT | PATIENT 
2 3 
17.0 17.4 
16.9 16.9 
17.8 Te ees 
17.4 16.9 


TYPE OF MEAL | rIME OF SPECIMEN 
3reakfast with 20 Gm. fat Fasting 
Two hours after meal 
Breakfast with 50 Gm. fat Fasting 
Two hours after meal 


os oe 
=>) ry | 


omc fame foe feed 
a oO = 


*Hemolyzed blood. 


It may be that the degree of lipemia of the blood following meals may 
account for a slight diurnal variation. Pohle and Stewart,® using the Quick 
method, found a shortening of times after a meal heavy with fat. We have 
not been able to show any difference in the undiluted times on bloods taken 


(1) two hours after an average breakfast containing 20 to 30 Gm. of fat and 
2) those taken before and two hours after a breakfast containing 50 Gm. of 


fat (Table IX). 
Variations in the Running of the Prothrombin Test (Quick Method or 


Brambel Modification). 

Water Bath Temperature: As shown in Tables X and XI, no great error 
is introduced if the temperature of the water bath is changed from 35 to 40 
(Centigrade. 


TABLE X. Errecrt OF TEMPERATURE CHANGE OF WATER BATH ON PROTHROMBIN TIMES 
(BRAMBEL TECHNIQUE AND THROMBOPLASTIN PREPARED IN OUR LABORATORY ) 
(TIME IN SECONDS) 


UNDILUTED PLASMA 12.5% SALINE DILUTION 

CASE CASE 
TEMPERATURE l 2 3 l 2 3 | 
ao” C. 16.5 17.0 26.8 ae 67.0 78.0 177 307 
sia dC 16.6 17.0 27.0 o1.z 66.0 79.0 181.5 310 
40° ©, 15.5 16.9 29.7 30.5 66.5 71.3 IS1.5 306 


TABLE XI. Errect oF TEMPERATURE CHANGE IN WATER BATH (LINK-SHAPIRO TECHNIQUI 
With MALTINE THROMBOPLASTIN) (TIME IN SECONDS ) 
UNDILUTED PLASMA 12.5% SALINE DILUTION 
CASE CASE 

TEMPERATURE 

so” |. 

saw OC 

ip? 6 §~C. 


TABLE XII 
(PROTHROMBIN TIME IN SECONDS) 


TILT TUBE WIRE LOOP 
METHOD METHOD 
21.9 21.6 
15.7 16.1 
24.9 24.6 
15.9 16.7 
24.5 24.9 
27.2 26.8 
15.3 
15.0 
16.1 


pi 
20.2 
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The same lack of variation in times with changes in temperature of the 
water bath is also found when the Link-Shapiro method is used with maltine 
thromboplastin. 

Use of Tilt Tube or Wire Loop Method: Some workers determine the time 
of clotting by passing a thin wire loop through the solution and noting when 
the fibrin first adheres to the wire. We have run parallel determinations on 
the same plasmas using this wire method and the tilt-tube technique. No 
consistent difference is apparent in the results shown in Table XIT. 

Order of Mixing Reagents: There is another variation in the running of 
the test that does alter the results. In the Link-Shapiro method the caleium 
chloride and thromboplastin are first mixed together and finally 0.10 ¢.c. of 
plasma is added just as the stop watch is started. In the Quick and Brambel 
methods the thromboplastin and plasma are first mixed and the caleium chloride 
is added last. We have found that this minor change in technique will give a con- 
sistent difference in results. When the calcium chloride is first mixed with 
thromboplastin and the plasma is added last, the times are shorter than when 
there is premixing of plasma and thromboplastin with a final addition of eal- 
cium chloride. The results of the two methods run on twelve consecutive 
plasmas are shown in Fig. 5. Both methods give reproducible times, but it is 
apparent that the same technique must be consistently followed. 
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Fig. 5.—Effect of changing the order of mixing the reagents. 


RANGE OF NORMAL 


Abnormal findings cannot be properly evaluated until the range of normal 
is known. Too few data have been published on normal prothrombin times as 
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REPEATED DETERMINATIONS ON Four NORMAL MEN AND WOMEN 





TABLE XIII. 
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DETER- UNDILUTE DILUTE 
CASE | SEX MINATIONS MEAN S.D. (RANGE) | MEAN |(S.D.) | RANGE 
1 M 9 17.1 a eae 16.6 to 17.6 7 Ff 69 to 101 
2 M 1] 17.3 af 16.1 to 18.6 91 +8 74 to 120 
3 F 10 17.0 + we 15.8 to 17.5 71 +2 67 to 74 
4 F 10 ve! +05 16.0 to 17.5 75 +8 66 to 96 





measured by the various methods, and care must be taken lest times be reported 
as ‘‘abnormal’’ when they really come within normal range. 






The figures in Table XIII will serve to show the variations possible in this 






method in a group of healthy individuals. Tests were done on two normal men 






and two normal women at various intervals over a period of several weeks. 





The maximum range in the undiluted test was 2.5 seconds and in the 12.5 per 






cent saline dilution 46 seconds. 
In Table XIV are shown the variations in times obtained in a group of 
ninety-three normal people, fifty-eight women and thirty-five men. Most of 







these were nurses and medical students between the ages of 20 and 30 years 
of age. Three different batches of thromboplastin were used. It will be noted 
that while the standard deviation for the undilute plasma is only 0.6 seconds, 







the range of normal is three seconds. Dilute times are much less consistent, 







with a standard deviation of ten seconds and a range of normal from 56 to 
115 seeonds. Therefore, moderate variations in the dilute times, as obtained 






by this method, are of. doubtful significance. Work now in progress leads us 
to believe that the practice of diluting the plasma to 12.5 per cent with saline, 
as is advocated by those using the ‘‘dilute method,’’ leads to the introduction 







of uneontrolled variables and gives inaccurate results. As a matter of fact, 






the use of saline in making a dilution curve is probably not entirely sound. 










TABLE XIV. RANGE OF NORMAL IN HEALTHY INDIVIDUALS 
(NINETY-THREE NORMAL INDIVIDUALS) 





~~ BATCH OF ~ 
THROMBO- UNDILUTE DILUTE 
PLASTIN MEN WOMEN TOTAL MEAN (S.D.) RANGE MEAN (S.D.) RANGE 














ae - “fs 12 17 17.2 +.7 15.4 to 18.0 83 +17..~—S61 toll 
B 2 9 11 17.4 +.6 16.9 to 18.3 74 +12 63 to 96 
C 51 14 65 17.2 +.6 16.3 to 18.4 74 +8 56 to 102 
Over-alltotal 58 35 93 17.2 +.6 15.4to184 76 +10  5é6tolld 










SUMMARY 





1. The prothrombin test as devised by Quick and modified by Brambel 
has been reviewed in detail and the effect of certain variables examined. These 







include observations on: 
(a) The stability of thromboplastin in solution and the dry state 
(b) The effect of changing the molarity of the CaCl, solution 






(c) The effect of hemolysis and clotting of the blood samples 
(d) The effect of various temperatures on the plasma prothrombin st: bility 
(e) The effect of changing the order of mixing the reagents 
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(f) The effect of meals and time of day on resulting times 

(@) The effect of water bath temperature in running the test 

2. The bloods of ninety-three normal persons were tested for prothrombin 
eontent. According to the method described, the following values were obtained: 

(a) Mean time for undilute plasma was 17.2 seconds with a standard 
deviation of 0.6 seconds and a range of from 15.4 to 18.4 seconds. 

(b) Mean time for 12.5 per cent saline dilution of plasma was 76 seconds 
with a standard deviation of 10 and a range of 56 to 115 seconds. 


3. Repeated tests were made on the same normals and mean standard 


deviation and range were computed for dilute and undilute specimens. 


The authors wish to express their appreciation to Dr. Joseph M. Hayman, Jr., for his 


many helpful suggestions in the preparation of the manuscript. 
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A METHOD FOR COUNTING BACTERIA IN THE NASAL CAVITY 


APPLICATION OF THE METHOD IN DEMONSTRATING THE ACTION OF 
INTRANASAL PENICILLIN ADMINISTRATION 


THoMAS C. GRUBB AND BRUNO PUETZER 
FLUSHING, N. Y. 


INTRODUCTION 

HE usual method of studying the types of bacteria in the nasal cavity is 

to insert a sterile cotton swab and culture it in liquid or solid media. Such 
a procedure is satisfactory for a qualitative examination of the nasal flora, as 
in the diagnosis of diphtheria or other nasal infections, but is totally inadequate 
for an estimation of the number of bacteria present. 

The reasons for the inadequacy of this method for quantitative purposes 
become readily apparent from the following points of discussion. It is known 
(Thomson and Thomson'), and we have confirmed the fact, that the vestibule of 
the nostril is colonized with a great number of bacteria, usually air-borne 
saprophytes, which may contaminate the swab as it is inserted or withdrawn 
and thus distort the true picture of the types and number of bacteria found 
within the nasal eavity. The sine qua non of making a quantitative estimate 
of the number of bacteria from a given liquid or surface at repeated intervals 
for comparative purposes is the use of a precisely uniform sampling method; 
this appears to be virtually impossible when inserting a swab into the nasal cavity 
at repeated intervals. Abnormalities in the topography of the nasal eavity often 
render many areas inaccessible to the swab. It is entirely possible that nasal 
bacteria are not uniformly distributed over portions of the cavity which are 
accessible to the swab. Differences in pressure when inserting the swab may 
also account for variations in the number of bacteria that are recovered on 
the swab. All of the bacteria removed by the swab may not be dislodged when 
it is cultured, especially on a solid medium. These few considerations indicate 
some of the probable causes why the swab method, which we have tested 
extensively, is unsatisfactory for obtaining a reliable count of the number of 
bacteria in the nasal cavity. 

Recently, Hamburger and co-workers? * have devised novel methods for 
obtaining an estimate of the number of streptococci in the nasal eavity. ‘These 
consist either of having the subject blow his nose on a sterile cloth which 
is subsequently cultured in toto and the number of streptococci determined 
by plate counts of the sample or of pinning a cloth patch to the bed in which 
the subject sleeps and determining the number of streptocoeei adhering t0 
the cloth. While both of these methods gave useful information in these 
workers’ experiments, they were admittedly crude and the results wer: sub- 

From the Research Laboratories, Vick Chemical Company. 
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ject to considerable variation. So far as we are aware, no other method has 
been published which gives more reliable knowledge of the number of bacteria 
in the nasal eavity than those previously mentioned. 

In determining the efficacy of intranasally instilled antibacterial agents, 
it is obviously necessary to employ a method of sampling the nasal flora which 
will give reasonably reliable and consistent results. For this purpose a simple 
sampling device and procedure have been developed which are believed to give 
more reliable quantitative results in obtaining a count of the nasal bacteria 
than any other procedure thus far recorded in the literature. A deseription 
of this sampling device, recommended procedure in sampling, and_ results 
obtained are reported in this paper. 


SAMPLING DEVICE AND PROCEDURE 


The construction of the sampling device which can be readily prepared in 
most laboratories is shown in Fig. 1. It consists of a test tube 13 by 2.5 em. 
with the closed end drawn out to a diameter of 0.5 em. and cut off. This end 
of the tube is connected to a glass nasal ‘‘olive’’ by a piece of rubber tub’ne 
20 em. in length. The opening in the nasal olive measures 1 em. in diameter 
at the end inserted into the nostril, 2 em. at the bulge, and 0.5 em. at the 
end connected to the rubber tubing. Variations in these dimensions ean be 
made, of course, but we have found this size satisfactory. The open end of 
the test tube is plugged with cotton, the nasal olive wrapped in paper, and 
the entire device sterilized in the autoclave. 

In using the sampling device, 20 ¢.¢. of sterile broth or Ringer’s solution 
(the latter being preferred since it is less objectionable to most subjects) are 
pipetted aseptically into the test tube and the cotton plug replaced. The paper 
is removed from the olive which is inserted tightly into one nostril with one 
hand while the test tube is held with the other hand. The head is bent slightly 
forward and the subject slowly raises the tube, as shown in Fig. 2, until he 
feels the solution just beginning to trickle down inio the throat. At this point 
he lowers the tube which siphons the solution back into the test tube. Th’s 
process is repeated two times to insure a thorough washing of the nasal cavity. 

The nasal washings thus obtained are run through the nasal olive into 
a sterile, empty, rubber-stoppered 100 ¢.e. dilution bottle (French square type) 
Which is shaken twenty-five times to disintegrate clumps of organisms. One 
cubic «centimeter of this suspension as well as 1 ¢.c. of 1:10 and 1:100 dilutions 
are piited in blood agar to determine the total number of bacteria per cubic 
centini-ter of the nasal washings. Many variations of this sampling procedure 
sugges! themselves, and we have tested the following: (1) Making five sue- 
cessive washines at five-minute intervals with fresh solutions each time and 
Platine each washing individually; (2) making three successive washings and 
combi ‘ig the washings before plating; (3) washing both nostrils and eomb'n- 
Ing the washings; and (4) making washings in the morning and afternoon or 
only onee in the same day. 
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As a result of these preliminary trials, the following procedure was chosen 
finally as giving the most reliable results for testing the antibacterial action of 
intranasally instilled agents. In order to determine the average daily normal 
count for control purposes, at the same time each day for a week or more pre- 
ceding the use of the agent, a sample is obtained from each subject as follows: 
The nasal olive is inserted into one nostril and the irrigating solution allowed 
to flow in and out of the nasal cavity twice; then the olive is inserted into the 
other nostril and the process repeated. Two additional sampling devices, each 
filled with 20 ¢.e. of solution, are used successively in the same way. All 
three washings (60 ¢@.c.) are then pooled, shaken, and cultured as described 


previously. 








Pep. i. Fig. 2. 


Fig. 1.—Sampling device for irrigating the nasal cavity. 
Fig. 2.—Showing the position of the sampling device for irrigation of the nasal « ty. 


During the following week the antibacterial agent is applied in accordance 
with the requirements of the experiment and nasal washings are earried out at 
the same time of day as the preceding week. The next week no intranasal 
applications are made and washings are continued at the usual time. 


RESULTS 
To illustrate the degree of variation which may be expected when daily 
counts are made on healthy subjects without the application of an  efiective 
intranasal agent, the following procotol is typical of many of our experiments 
(Table I). 
It will be noted that while there are wide daily variations i: thi 
counts, within certain limits the subjects tend to remain in high (Sub)ccts C 
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TABLE I. NASAL BACTERIA COUNTS ON HEALTHY SUBJECTS; NUMBER OF BACTERIA 
PER CUBIC CENTIMETER OF NASAL WASHINGS 
SUBJECT 
DATE A B C | D E 
4/29 560 900 9 G20 GQ 26,220 
4/30 S00 2,000 1,200 330 18,000 
5/1 70 S60 1,700 400 13,500 
5/2 90 260 200 250 10,700 
5/3 90 320 2,200 160 1,000 
5/6 1,480 520 5,100 400 12,200 
5/7 490 630 13,000 110 17,500 
5/8 220) 1,300 200 120 38,200 
5/9 $40 1,330 3,000 100 19,800 
5/10 530 500 - 300 2 S00 
Average 497 S62 4,058 225 15,992 
, Subject not available. 

TaBLE II. NASAL BACTERIA COUNTS ON HEALTHY SUBJECTS BEFORE, DURING, AND AFTER 

PENICILLIN ADMINISTRATION; NUMBER OF BACTERIA PER CUBIC CENTIMETER OF 


Control period 


Control per iod 


and E 


NASAL WASHINGS 


SUBJECT 


DATE A B E F G 
3/5 1,200 590 52,100 185 15,000 
6 560 310 ep 3.600 
Sy 128 400 46,000 560 1,100 
/S8 236 720 35,000 260 600 
Aver o¢ 531 505 14,566 244 5.075 
Penicillin administration 3/11 52 80 240 12 96 
a/iZ 6 4 350 5 1S 
3/13 0 0 324 l 12 
3/14 0 0 250 0 8 
3/15 o 2 195 ° - = 
Average 12 17 27 { oo 
3/18 = 26 = ] 17 
3/19 0 48 — 2 : 
3/20 0 210 - 50 480 
3/21 2 65 —- 22 OS 
3/22 18 400 1,128 
Average 4 149 14 430 

, Subject not available. 

medium (Subjeets A and B), or low (Subject D) count groups. Be- 


cause of this great variation in normal counts, an intranasally applied anti- 
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agent must show a very marked reduction in the counts before its 
ness can be proven statistically. That such a reduction ean be achieved 
by the results in Table II, when the subjects received nose drops 
ne D500 


ntervals and nasal washings were carried out forty to sixty minutes 


units of penicillin per cubie centimeter six times daily at 


e last application of penicillin. The washings from three subjects 
ded with a known concentration of penicillin-susceptible Staphylo- 
ireus organisms and plated in the usual way. These plates did not 
reduction in counts when compared with the control Staph. aureus 
hence, it is coneluded that a carry over of significant amounts of 
into the plates did not oceur. 
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There appears to be no doubt that the application of penicillin nose drops 
produced a marked reduction in the number of nasal bacteria reeovered from 
healthy subjects. In addition, the repressive effect of penicillin seems to persist 
for a number of days after use. It is interesting to note that Subject E failed 
to show as low a total count during the penicillin applications as the other 
subjects. The fact that most of the organisms cultured during this period from 
the subject were gram-negative, nonsporulating bacilli probably explains this 
finding. 

DISCUSSION 


Since the number of bacteria in the nasal cavity probably fluctuates from 
day to day, the ideal procedure would be to make a control count in the morning, 
apply the antibacterial agent throughout the day, and make a second count 
in the late afternoon or evening. However, when this was tried it was found 
that the morning irrigation alone produced such a marked reduction in the 
afternoon counts that it was difficult to interpret the effectiveness of an anti- 
bacterial agent tested by this procedure. Hence, it appeared necessary to make 
nasal counts for a week or more before the experiment to obtain an average 
normal count; then apply the antibacterial agent and compare the counts 
obtained. As a further check, counts should be made for a week or longer 
after use of the antibacterial agent is discontinued; if the counts tend to return 
to the normal level after a reduction during use of the antibacterial agent, it 
is a strong indication that the agent has been effective. No experiment should 
be considered satisfactory unless it can be shown that the antibacterial agent 
is not carried over in the washings in sufficient concentration to exert a bacterio- 
statie action in the culture plates. 

During the trials with five successive washings it was discovered that 
the first washing removed very few bacteria, while the suecessive washings 
removed increasingly more bacteria until a point was reached where further 
washings showed a progressively diminishing count. Thus, it is essential 
that each sample consist of at least three separate washings if the most reliable 
count is to be obtained. 

It is believed that the method deseribed in this report for obtaining 
a quantitative count of the number of bacteria in the nasal cavity offers a 
reasonably reliable tool in determining the antibacterial action of intranasal 
agents. It is obvious also that this method may be used for a qualitative 
as well as a quantitative study of the nasal flora; that is, a differential count 
of the various types of bacteria may be made when the blood agar plates a 
examined. The procedure does not pretend to count all of the bacteria in 
the nasal cavity, since the irrigating solution obviously does not reach all 
portions of the cavity, but it appears to produce a representative sample of 
the flora, by washing out approximately the same area of the cavity om 
repeated irrigations. Variations in counts may be expected due to |: akage 
around the nasal olive and spilling over into the throat, but in our exp: : ience 
subjects soon learn to avoid these losses after a little practice and the nasal 
counts become correspondingly more reliable. 























Ops 


om 
sist 
led 
her 


om 


his 








METHOD FOR COUNTING BACTERIA IN NASAL CAVITY 571 


I‘mally, it should be emphasized that the reduction in nasal bacteria 
of healthy subjects by penicillin reported in this paper does not constitute 
a direct or implied indication that penicillin is of value in the prevention, treat- 
ment, or cure of nasal or other respiratory infections. 


SUMMARY 


A simple sampling device for washing the nasal cavity with saline or 
broth is deseribed. 

A recommended procedure for using the sampling device to determine the 
number and types of nasal bacteria is outlined. 

The effectiveness of penicillin nose drops in reducing the number of 
nasal bacteria in healthy subjects, as indicated by the results obtained with 
the sampling device, is described. 
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A MODIFIED TECHNIQUE FOR THE DIFFERENTIATION OF 
PNEUMOCOCCI FROM ALPHA HEMOLYTIC STREPTOCOCCI 
USING SODIUM DESOXYCHOLATE 


Rosert P. Cut ter, M.D.* anp Wituiam L. Winters, M.D.+ 
CHICAGO, ILL. 


WITH THE TECHNICAL ASSISTANCE OF KATHERINE P, Stmpson, B.S. 


HE differentiation of the pneumococcus from the alpha hemolytie strepto- 

coccus often is impossible on a purely morphologic basis. At present, the 
chief means of differentiating these two organisms are the time-honored bile 
solubility test and the results obtained from typing with Neufeld type-specific 
sera. Today, this latter method often is time consuming because so many pa- 
tients have had sulfonamide therapy by the time they enter the hospital. Thus, 
the suspect pneumococci in sputum often will not type unless passed through one 
or two mice in order to relieve the organisms of the sulfonamide effects. There- 
fores in the large percentage of cases, the bile solubility test has offered the 
most practical means of differentiation. 

Since Neufeld’s' discovery in 1900 that the pneumocoecus was soluble in 
whole bile, many investigators have described various substances and numerous 
methods by which this organism may be dissolved. By 1907 the pneumococcus 
was first distinguished by its bile solubility; it was at this time that Nicolle and 
Adil-Bey? recognized that bile salts (sodium cholate and sodium choleate) were 
more effective than whole bile. Though Dochez and Gillespie* apparently found 
a true bile-insoluble strain of pneumococeus, according to White and associates’ 
Mair states: ‘‘Different strains of pneumococcus show varying sensitiveness to 
the action of bile, just as they vary in the readiness with which they undergo 
autolysis in culture; but with a satisfactory technique one is seldom in doubt 
as to whether a particular strain should be classed as bile soluble or not, and 
strains which have been kept on culture media for long periods retain the prop- 
erty.’’ A thorough review of the literature pertinent to this subject is given by 
White and associates.* 

Liefson’s® modification of the bile solubility test proved unsuccessful in our 
hands. The purpose of this paper is to present what we believe to be a taster 
and simpler test, which has proved to be accurate. This test, requiring little 
equipment, is suitable for the laboratory of the intern or for the general hospital. 


METHOD 


Equipment.—The equipment, as illustrated in Fig. 1, includes the following: 

1. Fresh solution of 10 per cent sodium desoxycholate, pH 7.4. 

2. Platinum wire loop. 

From The Robert Bruce Preble Laboratory. Cook County Hospital, under the 
of the Department of Medicine, Northwestern University Medical School. 
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3. Microscope with oil immersion lens and immersion oil. 

t. Bunsen burner. 

5: Ewe glass microscope slides. 

6, Distilled water. 

7. Gram stain equipment. 

Technique.—The test, to be done at a temperature not above 50° C., consists of the 
following steps: 

1. To four drops of fresh 10 per cent sodium desoxycholate on the first glass slide (J) 


add two medium-sized loopsful of the material containing the organism to be tested (washed 


sputum, broth suspension of the organism, or colonies from agar plate). Allow the slide 


to stand for ten minutes and shake gently occasionally. 

2. On one-half of the second glass slide (IZ) make a direct smear from the original 
material as a control (C). 

3. After ten minutes, to one drop of distilled water on the other half of the seeond 
glass slide (JI), add one loopful of material from the mixture of the first glass slide as the 
test (7). 

1, Dry this second glass slide (preferably on a warm ring stand), Gram stain, and 
compare the control smear with the test smear under oil immersion. The absence 
on the test smear of gram-positive encapsulated organisms, such as are present on the con- 
trol smear, indicates a positive test. The presence of such organisms on both test and con 
trol smears indicates a negative test; in other words, the organisms tested are not pneumo 
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Fig. 1.—Diagram of procedure. 


RESULTS 

This method was used in testing six different types of pneumococci pre- 
‘ously lentified by serologic typing and one strain of gamma nonhemolytic 
Streptoco-cus. In Fig. 2 the results obtained by our method are compared with 
those obinined by Liefson’s method in fifteen ‘ases. In one of these cases there 
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was only partial solution of the pneumococci with our method. Using Liefson’s 
technique we found complete solubility in one case and no appreciable solubility 
in the others. 

As a means of checking our technique, we compared its results with those 
obtained by the standard macroscopic method described by Kolmer and Boerner’ 
in a series of twenty-five different types of pneumococci in pure culture. Com- 
plete solubility occurred by both methods in all the types tested. 

Repeated success with our method during the year in a series of over 200 
‘ases, and covering more than 500 separate tests, constitutes further indication 
of its accuracy. In no instance in seventy-seven cases of known streptococeal in- 
fections tested have we ever dissolved the alpha, beta, or gamma streptococci 
by this method. 
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Fig. 2.— _, Liefson’s method. -——, Slide method. >, “Quellung shadows” observed 
with the addition | of type-specific serum. @, “Quellung shadows” and also ordinary “Quelluns 
phenomenon” observed with the addition of type-specific serum. G. S., Gamma streptococcus; 
roman numerals refer to pneumococcus types. 


In the course of this work the observation was made that if the test (7) 
was not allowed to dry, but instead type-specific serum was added directly to 
the moist preparation, the presence of enlarged capsules or ‘‘Quellung shadows” 
were noted eight times in Liefson’s test and three times in our test in the rep- 
resentative series (Fig. 2). The bodies of the organisms were apparently dis- 
solved by the bile salt and the capsules remained intact. The intact capsules 
were invisible until type-specific serum was used and the test was examined 
under oil immersion with a dull light; the capsules appeared translucent and 
took no stain, whereas the body, or normally staining portion, was absent 


COMMENT 


In a study of twenty-seven pneumococcal infections, 77 streptococes! infec: 
tions, and 11 miscellaneous infections, the slide test described in this report 
served as an accurate method of identifying pneumococci in spinal fluid vashed 
sputum, and in either pure or mixed cultures grown on blood or prote se agat 
media. In the latter instance, when the contaminating organisms we alpha 
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hemolytic streptococci, we found that the addition of the six grouy.s of Neufeld 
typing sera served to identify the pneumococci by ‘‘Quellung shadows’’ and the 
alpha hemolytie streptococci as undissolved intact organisms. 

The presence of the ‘‘Quellung shadows’’ suggests that proteolysis occurs 
in the presence of excess sodium desoxycholate. Goebel and Avery’ have shown 
that autolysis is accompanied by proteolysis and lipolysis, whereas sodium 
desoxycholate, in excess, inhibits the action of pneumococeal protease, but not 
lipase. These authors, however, found that pneumococeus is dissolved in the 
presence of an excess of the bile salt and concluded that bile solubility is prob- 
ably not identical with autolysis. We also found that the body of the organism 
is dissolved even though the protease is apparently inhibited in the presence 
of excess sodium desoxycholate. Further, we found an apparent resistance at 
times of the carbohydrate or capsular portion of the pneumococcus to the action 
of excess sodium desoxycholate as was clearly shown by the ‘‘Quellung shadow’’ 
phenomenon. 

SUMMARY 


1. A simple modification of the bile solubility test is described. 

2. The presence of the ‘‘Quellung shadows’’ in bile-tested material from 
mixed eultures is suggested as a further aid in the differentiation between 
pneumocoeci and alpha hemolytic streptococci. 

3. The significance of the ‘‘Quellung shadows’”’ is discussed. 
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demand for the isolation and identifieation of 





N EVER-INCREASING 


Neisseria gonorrhea by culture methods, not only as an aid to diagnosis, 





but also as a criterion for cure of both male and female patients following chemo- 






therapy, makes it desirable that a simple apparatus for culturing gonococci be 
made available.* 
The following simple apparatus has been devised to meet this demand and 
has proved to be readily applicable for routine gonococeus culture methods. 
The apparatus consists of a standard laboratory desiccator (Scheibler type, 
150 mm.), having an approximate capacity of 2,500 ¢.c. and a plexiglass Petri 









dish holder, so constructed to accommodate either a medicine dosage glass or 






a porcelain crucible as a reaction vessel for the production of carbon dioxide 





by the action of dilute HCI with sodium bicarbonate. 

The Petri dish holder (Fig. 1) is constructed from the ordinary plastic, 
plexiglass (14 inch thickness), and the component parts of the holder (top, base, 
and three supports) are cemented together with an adhesive made by dissolving 








plastic shavings in acetone. Increased rigidity of the culture plate holder is ac- 

















complished by dovetailing the supports at the top and base. Since the culture 
plate holder fits snugly in the desiccator, a series of holes (0.4 em.) are drilled 
in the top and base plates to insure adequate circulation of CO, throughout the 
desiceator. Sufficient CO. tension is produced by the addition of 3 or 4 ¢.c. of 
10 per cent HCl to approximately 1 Gm. of sodium bicarbonate. 

The following procedure is employed in preparing the apparatus for in- 
cubation. After the culture plates have been inoculated, they are placed in the 
culture plate holder, which is then introduced into the desiccator. The reaction 
vessel containing the sodium bicarbonate (Fig. 2, A) is placed in the round 
opening on the top plate of the culture dish holder. The lid of the desiccator is 
tightly sealed in place, leaving the stopeock open. Dilute HCl is then delivered 
with a 5 ee. diluting pipette through the open stopcock into the reacting vessel. | 
The stopeock is immediately closed and the entire apparatus is placed in a 
bacteriologic incubator for the desired length of incubation at 37° centrigrade. 4 

The advantages of an all-glass culture apparatus, plus the noncorrosive 
plexiglass culture plate holder, are obvious when one remembers the disagree- 
able features of using a copper Petri dish holder utilizing a burning candle tor 
the production of carbon dioxide. The previously described apparatus can easily 
be cleaned and sterilized after each incubation period. If additional moisture is 
ore for publication, March 14, 1947. 

*The apparatus was devised and used by the author while serving as technical sergeant, 
Medical Department, in the Armed Forces of the United States. 
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APPARATUS FOR CULTURING NEISSERIA GONORRHEA 





Fig. 1.—Plexiglass Petri dish holder, with a 3.5 cm. hole in the top plate to accommodate 


either a medicine dosage glass or porcelain crucible as a reaction vessel for the production of 
carbon dioxide. 





B. 
A, View of the culture apparatus, showing the reaction chamber 
ec culture plates ready for introduction into the desiccator. B, Assembled gonococcus cul- 
ture apparatus ready for incubation. 


Fig. 2. 





late; (R) and inocu- 
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necessary to safeguard against dehydration of the culture media during incuba- 
tion, a very small amount of water can be placed on the floor of the desiccator 
before the culture plate holder is introduced into the desiccator. 

The apparatus has been used by the author for more than one year and 


found satisfactory for routine gonococci cultures, using either chocolate-agar 


(Difeo) or Peizer media. 
SUMMARY 
A simple apparatus for culturing Neisseria gonorrhea under partial carbon 
dioxide tension is deseribed. It has been found to be adequate for the culture of 
gonococci as an aid to diagnosis. 









































A TEST FLUID FOR CONTROL OF THE GOLD REACTION 


CarL LANGE, M.D. 
ALBANY, N. Y. 


ORRECT results in the colloidal gold test depend primarily upon two physi- 
C cochemical factors': the first is the pH of the milieu,? which is optimal at 
7.4, and the second is the sensitivity (dispersity) of the gold sol, which should be 
controlled by use of a photoelectric colorimeter.’ A test fluid is required as an 
additional safeguard to demonstrate that optimal conditions have been secured. 

Such a test fluid may be prepared by pooling approximately equal amounts 
of twenty or more normal sera. Specimens that are chylous or otherwise ab- 
normal in appearance, or that react in the complement-fixation test for syph- 
ilis, are excluded. Additional criteria for the ‘‘normality’’ of the sera are not 
used. Exactly 5 ml. of the pooled sera are diluted with phosphate buffer, pH 
7.4,4 in a 250 ml. volumetric flask. Fifty milliliters of this solution are diluted 
with 50 ml. of glycerol, the final dilution being 1:100. The fluid is kept in the 
refrigerator and is freshly prepared each month. One-tenth milliliter is tested 
in duplicate every working day in the same manner as a specimen of cerebro- 
spinal fluid. 

The test fluid when satisfactory yields a uniformly standard curve charac- 
terized by three factors: (1) The degree of coagulation, determined by the gold 
color standard, is 6 in the first or 1:15 dilution; (2) the maximum reaction, 15, 
oceurs in dilution 1:114; and (3) the sum of the ten numerical color values is 
between 95 and 100. The exact reproducibility of the test fluid was demon- 
strated by testing ten different serum pools at one time with the same reagents. 
The results were identical with reference to the three factors mentioned. The 
negligible deviations in other dilutions, particularly in the postzone, are not due 
to differences of the test fluid but to inevitable slight inaccuracies of pipetting. 
To obtain such results, the dilution of the serum pool (1:100) must be exact. 
Experience has shown that on rare occasions an abnormal serum that has been 
inadvertently included may spoil a pool. 

The standard curve is the final criterion of the suitability of the test fluid 
and other reagents and particularly of the gold color standard. In fact, it pro- 
vides a rigorous control of the test as a whole. Deviations from the standard 
curve indicate that a reagent is unsatisfactory. The source of the deviation is 
determined by replacing one reagent at a time, which can be done easily if a set 
of reagents known to be satisfactory is available. For example, if a new buffer 
is substituted and the test fluid does not give the standard curve, the new buffer 
solution is evidently at fault. 

Use of the test fluid is illustrated in Table I. In the first four items, 
in which the colloidal gold solutions are of satisfactory sensitivity as indicated 
by the turbidimetrie value, the pH of the milieu is 7.4 by potentiometric de- 
termination and the buffer is of satisfactory pH and molar concentration. The 
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findings obtained are almost identical, although the gold sols were prepared on 
different days and different test fluids were used. When the pH of the milieu 
is more acid than 7.4, the results vary markedly from those obtained when the 
pH is maintained at 7.4, as in items 5, 6, and 7. When the molar concentration 
of the buffer is incorrect (item 8), the results again show clearly that a mis- 
take has been made. The pH and the molar concentration are controlled simul- 
taneously by the test fluid, which is not possible by potentiometric determina- 
tion. 

In items 9 and 10, citrate gold sols 1:10,000 prepared with impure 
distilled water were used. The turbidity and sensitivity of these sols were ab- 
normally low. Below a certain limit, abnormality is clearly demonstrable by 
the test fluid. In both Nos. 9 and 10, the degree of coagulation in the 
prezone is abnormal; in No. 10, even the location of the maximum is shifted 
and the sum total is markedly decreased. 

Two controls for particle size and reproducibility of the test as a whole 
(turbidimetrie determinations and use of a test fluid) are recommended. A 
vold sol having an abnormal particle size can be detected by turbidimetry. Such 
findings indicate the use of impure distilled water. The test fluid, however, 
shows in detail the type and degree of deviation from the standard reaction. 


OTHER TEST FLUIDS 

Before pools of normal sera were found to provide a satisfactory test fluid, 
the value of other types of fluid was studied as follows: 

1. Four cerebrospinal fluids of different protein patterns (types A, B, C, 
and D), preserved by adding equal amounts of glycerol, were used. If the pH 
and the sensitivity were correctly adjusted, reproducible results were obtained. 
It was difficult, however, to obtain four suitable fluids for the purpose, and when 
a satisfactory specimen was obtained, only a small amount was available. 

2. Use of cerebrospinal fluids from patients with paresis® is unsatisfactory. 
Only test fiuids yielding a prezone curve, such as types B or C,* can demonstrate 
that a false D (paretic) curve? has been obtained if the pH is too acid. 

3. Purified globulin fractions yield either plateau (D) or prezone (B or C) 
curves. Even if the pH of the milieu is maintained at 7.4, test fluids giving a 
plateau (paretie or type D) curve are inadequate. <A solution of 20 mg. per 
100 ml. of gamma globulin was found to yield the same plateau or first-zone 
curve as a specimen of cerebrospinal fluid from a paretic. <A _ plateau of 
complete coagulation was obtained with both, up to a final dilution of 1:320. A 
solution of 10 mg. per 100 ml. of globulin gave a plateau of complete coagulation 
in a 1:160 dilution. A solution of 15 mg. per 100 ml., however, could not be 
differentiated by end-point titration from a solution of either 10 or 20 mg. per 
100 ml. Hence, test fluids that vield a plateau curve, besides being inadequate 
as a control of the pH, provide only a rough control in the quantitative adjust- 
ment or sensitivity. 


*Classification of curves obtained in the colloidal gold test: A, Obtained with normal 
cerebrospinal fluid; B, formerly designated as second zone or syphilitic; C, formerly desig- 


natei as hematogenous, third zone, or meningitic; D, formerly designated as paretic or first- 
zone curve. 
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4. Edestin,’ widely used as a test fluid, yields a first-zone curve and in some 


respects is even inferior to gamma globulin. 

d. Pseudoglobulin obtained from novmal horse serum by repeated fraetion- 
ation, between 33 and 45 per cent saturation with ammonium sulfate, produces 
a prezone curve. It provides a highly satisfactory control on quantitative and 
qualitative reproducibility of the gold reaction. Its preparation is somewhat 
complicated, however, and the reproducibility of the test fluid itself is unsatis- 


factory. 
SUMMARY 
A test fluid prepared from pools of norma] sera for use as a control in the 
colloidal gold test is deseribed. The fluid is simple to prepare and reproducible. 
The procedure recommended permits identical results to be obtained in different 
laboratories and is a step forward in standardization of the gold reaction. 
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